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INTRODUCTION 
Excessive nitrate nitrogen in crops has been recognized 
for over 75 years as a potential source of danger to animals 
consuming them. Many early reports of plant materials high 
enough in nitrates to be toxic were from drought areas or 
from serai-arid regions indicating that climatic factors might 
be involved in nitrate accumulation in plants. Not all in­
stances of high plant nitrate could be traced to lack of 
moisture but any condition which resulted in a disturbance of 
the plant's physiology might be considered a possible factor. 
Chlorosis of plants is fairly common and usually is the 
result of a deficiency or imbalance of some plant nutrients. 
Since a chlorotic plant is not a normal plant, it appears 
logical that the presence of chlorosis in a plant might indi­
cate a physiological disturbance in that plant. If this is a 
proper assumption, then it seems that the development of 
chlorosis in a plant might be related to other factors such 
as the accumulation of nitrate. 
Sudangrasa, a type of sorghum, is widely used for both 
grazing and hay in semi-arid regions because it is tolerant 
of drought. When grown on calcareous soils, sudangrass has a 
tendency to develop iron chlorosis, the intensity of which 
iiiay rnnge from slight to severe. If the chlorotic condition 
is slight or mudurauw, the color rr.ay be affected without nny 
visible decline in total dry malLar pi-oauccd; but if 
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chlorosis is severe, there is a visible decline in total dry 
matter produced. Sudangrass which develops iron chlorosis to 
the extent that growth is reduced obviously suffers from 
improper nutrition. Whether sudangrass which is slightly or 
moderately chlorotic is affected physiologically or not to 
the extent that its metabolism is affected is not known. 
The chlorotic condition of sudangrass when grown on an 
alkaline, calcareous soil is usually attributed to iron defi­
ciency. Visual symptoms are typical iron deficiency symp­
toms: veins of leaves remain green while interveinal areas 
develop chlorosis, giving a striped appearance to the plant. 
These symptoms can be alleviated or eliminated by foliar 
sprays containing iron in an available form. Recovery after 
spraying is usually quite rapid with full effect being 
obtained three or four days after treatment. 
Ix'x Lgaiion is inci-easlng in arid ôi- aeml-ài-id areas 
which have adequate water supplies. Irrigation farming has 
increased the need for commercial fertilizers in these areas 
where very little was required under non-irrigated farming 
systems. The availability of commercial fertilizers in semi-
arid regions, because of increased irrigation, has led to an 
increase in tholr uso on non-irrigated land also. This trend 
towards the use of more fertilizers in regions where moisture 
is nearly always a limiting factor under non-irrigated condi­
tions prompted this .study. The author felt there micht be an 
important relationship between applied nitrogen fertilizers 
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and Iron chlorosis in sudangrass which would be important in 
affecting the nitrate nitrogen content of sudangrass grown in 
a semi-arid climate on soil containing free calcium carbonate. 
These field and greenhouse tests were conducted at 
Colby, Kansas, which is located in the semi-arid Central 
Great Plains. Annual precipitation is slightly greater than 
18 inches with over II4. inches of this total normally being 
received during the six-month growing season of April through 
September. Precipitation is insufficient to produce a crop 
each year so that the usual cropping sequence on non-
irrigated land is a year of fallow preceding a crop. This 
year of fallow is a time of moisture accumulation and nitro­
gen mineralization. At planting time soil may be moist 1| to 
5 feet deep and it often contains more nitrate nitrogen than 
is required by the crop growing on a limited moisture supply. 
Although the major part of bhe annual precipitation is re­
ceived during the growing season, soil moisture is seldom 
increased below the surface foot while a crop is growing on 
that soil. Precipitation generally comes as a hard, dashing 
rain, which results in considerable runoff, or it falls in 
light showers of less than one-half inch. These light 
showers are also ineffective if followed by clear, dry 
weather because relative humidity is low and evaporation is 
high. 
Objectives of this study were as follows: (a) to see if 
added fertilizer nitrogen Increnaod tho nitrate nitrogen 
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content of sudangrass to abnormally high levels, (b) to see 
hovj the nitrate nitrogen content of sudangrass varied 
throughout the growing season, (c) to determine if iron chlo-
rotic sudangrass plants contained more or less nitrate nitro­
gen than normal plants, (d) to determine if sudangrass hy­
brids niirht be a greater source of possible toxicity from 
accumulated nitrate nitrogen than standard varieties, (e) to 
determine if adding nitrogen or a chelated iron affected the 
concentration of certain nutrients in sudangrass, and (f) to 
see if there were any important interactions between applied 
nitrogen, applied Iron, and sampling times. 
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LITERATURE REVIEW 
Nitrogen is essential for plant growth and non-leguminous 
higher plants are dependent upon the activity of micro­
organisms for the major part of their nitrogen unless commer­
cial fertilizers are added. Organic nitrogen is unavailable 
to the higher plants but it is utilized by microorganisms. 
In the microbial conversion from protein to nitrate the 
nitrogen progresses through a number of stages which include 
amino acids, ammonia, nitrite, and nitrate. According to 
Bonner (1950) and Jones (1966) nitrate is the principal form 
of nitrogen taken up by plants because other forms such as 
amino nitrogen or ammonium ions are rapidly converted to 
nitrate so that these forms do not accumulate in the soil 
under normal conditions. Some plants, according to Street 
and Sheat (1958), absorb and assimilate ammonium nitrogen 
better than nitrate nitrogen. A few apparently can utilize 
only ammonia nitrogen although they may accumulate the 
nitrate form. Many plants, however, can utilize either form. 
Once taken up nitrate nitrogen may be either stored or re­
duced by that plant. When the rate of nitrate uptake exceeds 
the rate of nitrate reduction within the plant, nitrate 
accumulates in that plant. 
Nitrate Toxicity 
The nitrate form of nitrogen when found in plants is of 
concern to man because of the ill effects produced in 
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livestock which consume it. The first authoritative report 
relating livestock deaths to the high nitrate content in their 
food is generally credited to Mayo (189^), who reported that 
cornstalks which contained 18.8 percent KNO^ (2,63 percent 
NO^-N)* on a dry weight basis were the cause of cattle poi­
soning. This particular corn had been grown on a feed lot in 
Kansas and was harvested because of drought which prevented 
normal maturation of the crop. It was reported that the 
cornstalks involved contained such a high content of KNO^ 
that they burned like a firecracker fuse when lit. Two con­
ditions prevailed at this location which were suspected as 
being factors involved in the production of toxic forage: 
(a) the crop vjas grown on a soil which had a large supply of 
available nitrogen (a feed lot) and (b) drought prevented 
the normal maturation of the crop. Since this first report 
many workers have found toxic levels of nitrate in different 
types of plants. 
Bradley et (19^0) in Wyoming reported that oat hay 
poisoning resulted when the food supply was high in nitrates. 
They found that cattle seemed more susceptible to high 
nitrate content than other livestock but it was fairly easy 
*The nitrate content of plants has been reported as per­
cent KNO3, NaNOo, NOo-N, or NO^ by various workers. Compari­
sons are difficQlt to make because of this lack of uniformity. 
In this literature review the form of nitrate used by the 
various authors is retained but the equivalent value in ni­
trate nitrogen la given in parentheses following the original 
form reported. 
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to induce toxicity in sheep; horses, also, were susceptible. 
These authors reported that the minimum lethal dose was 
approximately 25 g KNO^ (3«5 g NO^-N) per cwt of animal as 
this amount killed about one-half the animals which received 
it. They arbitrarily set 1.5 percent KNO^ (0.21 percent 
NO^-N) as the lower limit for a toxic hay. This value has 
been widely quoted by later workers as the border between 
toxic and non-toxic feed. Not ail workers agree, however. 
Case (1957) reported that greater than 0.5 percent NO^ (0.12 
percent NO^-N) was a potential source of trouble and that 
losses were likely to occur if more than 1.5 percent NO^ 
(0.35 percent NO^-N) was in the total ration. Hanway et al. 
(1963) designated 0.3 percent NO^ (0.07 percent NO^-N) as 
the toxic level. 
Whitehead and Moxon (1952) and Beath et aJ. (1953) de­
scribed the mechanism of nitrate poisoning in livestock. 
After ingestion of nitrate by the animal microorganisms in 
the digestive tract reduce the nitrate to nitrite. The 
latter is absorbed in the bloodstream where it reacts with 
the hemoglobin to form methemoglobin, which has little or no 
oxygen carrying capacity. Affected animals may die of 
asphyxiation or pregnant females abort because the fetus dies 
of oxygen starvation. Sub-lethal doses may result in a loss 
of milk production and/or weight loss. 
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Nitrate Content of Plants 
Davidson^ al. (191+1), in an article describing sjmç-
toms and causes of nitrate poisoning, reported that the 
nitrate content of oat hay could be Increased by fertiliza­
tion with KNO3 or by drought. Savage (19^9) reported some 
Canadian investigations of cattle deaths after they had 
grazed on sugar beet tops containing one to six percent ni­
trate on a moist basis. S^rensen (I960) found the nitrate 
nitrogen in fodder sugar beets increased with addition of 
nitrogen fertilizer with roots varying from O.O3 to 0.22 
percent and tops varying from 0.13 to 0.6? percent. Brady 
e_b (1955) found the nitrate content of corn stalks was 
much greater than that in the leaves; however, there was very 
little nitrate in the corn stalks above the ear . Nitrate 
content Increased from the ear downward. 
Many plants other- than corn, oats, and sugar beets have 
been reported to be high in nitrates, at least under certain 
conditions. Brady et. al.. (1955), In reporting work done in 
Missouri in 1953 and 195^, found greater than 1.5 percent 
KNO3 (0.21 percent NO3-N) in pigweeds and sweet potato vines 
as well as corn. Sund e^ (1957) reported cases of cattle 
abortions when prazed on unimproved lowland pastures in Wis­
consin which contained high amounts of nitrate In the soil. 
A number of weeds and forbs were found to be high in nitrate 
when grown under these conditions. Tucker e^ (1961) 
reported nitrate poisoning In California in both cattle and 
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sheep as the result of high nitrate content of a number of 
different weeds or forbs as well as sudangrass and alfalfa. 
Bradley ^  jal. (19^0) and Olson and Whitehead (I9I4.O) also 
found a number of weeds which were high in nitrate content. 
Wild mint (Salvia reflexa), known to be poisonous to live­
stock, was reported by Williams and Hines (I9I4O) to contain 
5 percent KNO^ (O.7O percent NO^-N) but it was free of ni­
trite. Siderla e^ (191+7) reported that Ananas cosmosus 
(L.) Merr. when grown In liquid culture in which the nitrogen 
content varied in the ratio of about 50:1 absorbed about five 
times more nitrogen when grown in the concentrated nitrogen 
solution than in the dilute solution. This indicates that at 
least some plants absorb nitrogen in amounts greater than 
their needs if the supply Is ample. Brown and Smith (1966) 
found that nitrogen fertilization caused significant In­
creases in nitrate content of red radishes, kale; mustard; 
and turnips. These pose no threat to human life because of 
the small quantity consumed by man. These workers reported 
that early maturing vegetables tended to accumulate more 
nitrate than late maturing varieties which would indicate a 
differential response among varieties. It seems logical that 
this difference between varieties could be expected to occur 
in other crops such as sudangrass. 
Moeller and Thurman (1966) found that rye accumulated 
more nitrate nitrogen than either oats or wheat but that the 
nitrate content of all three crops Increased as fertilizer 
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nitrogen was increased. These results agree with those of 
Sideria et (I9I4.7) and Wilson ( 19l|3) in that plants have 
a higher content of a nutrient when that nutrient is readily 
available. 
Factors other than variety and fertility are also associ­
ated with nitrate content of certain plants. Whitehead and 
Moxon (1952) found considerable variation in nitrate nitrogen 
content from plant to plant even if they were of the same 
variety. Light also affects the nitrate content of plants 
for plants grown in continuous light usually have a lower 
nitrate content than plants which receive normal daylight 
only. Chemical sprays such as 2,^-D may be instrumental in 
increasing the nitrate content of plants. The relative matur­
ity of plants probably affects the nitrate content also. 
Campbell (1921}.) found that the nitrate nitrogen content of 
pigweeds increased from shortly after germination until 
about blooming; thereafter it decreased to near zero at ma­
turity except when the weeds were growing on a highly nitrog­
enous medium. This is not in agreement with the work of 
Moeller and Thurman (1966), cited earlier, who found the 
first cutting of fall-sown rye, wheat, and oats contained a 
greater amount of nitrate than subsequent cuttings. 
Sullivan and Garber (19I4.7) observed that when non­
protein nitrogen exceeded 20 percent of the total nitrogen 
of pasture herbage in a Pennsylvania study, stock grazing 
on it developed digestive disturbances. This non-protein 
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nitrogen would not be exclusively nitrate nitrogen but the 
major portion was probably in that form. Flynn et al. (1957) 
found climatic conditions, soil nitrogen, plant population, 
and hybrid to affect both yield and composition of corn 
plants in Missouri. Climatic conditions appeared to be of 
greater importance than were the other factors. For example, 
in 1953 they found the percent KNO^ in corn stalks varied 
from 0.19 to 1.53 (0.03 to 0.21 percent NO^-N) while in 1951+ 
nitrate nitrogen was present at toxic levels in all plots. 
No grain was produced in 1954 because of inclement climatic 
conditions, a condition similar to that which prevailed when 
Mayo (1895) first reported nitrate poisoning. 
Crawford _et (1961) divided plants into groups as 
determined by their ability to accumulate nitrates under 
climatic conditions of New York. Annuals comprise most of 
their accumulator group while perennials such as alfalfa, 
timothy, bromegrass, orchard grass, and ladlno were classed 
as non-accumulators. Kretschmer (1958), using a peaty muck 
soil of the Everglades, agreed in general with this classifi­
cation as he classed permanent pasture grasses and legumes as 
non-accumulators of nitrates. Hanway and Moldenhauer (1965), 
however, have reported that bromegrass did accumulate nitrate 
on an Ida soil in Iowa. Phosphorus at rates of l+lj. pounds or 
more per acre increased the percent total nitrogen where soil 
nitrogen was adequate; but where soil nitrogen was inadequate, 
phosphorus decreased the percent total nitrogen. The nitrate 
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of forage was increased by nitrogen applications while 
applied phosphorus had a variable effect depending upon the 
stage of maturity of the plants. Applied phosphorus in­
creased the nitrate content of early cuttings but decreased 
it in later cuttings. Applications as great as or greater 
than 200 pounds nitrogen per acre resulted in potentially 
toxic levels of nitrate in the forage. Vanderlip (1965) 
agreed with Hanway and Moldenhauer (1965) in finding that 
broraegrass did accumulate nitrate. He found that when total 
nitrogen in bromegrass grown in Iowa exceeded 3.2 percent 
the nitrate nitrogen content varied directly with the percent 
total nitrogen. This nitrate nitrogen increased sharply as 
forage yields approached a maximum due to applied nitrogen 
fertilizer. Using rape and kale, ap Griffith and Johnston 
(1961) found the nitrate nitrogen closely related to the 
level of applied nitrogen and to the crude protein of the 
plant. Approximately l8 percent crude protein (2.9 percent 
nitrogen) was accompanied by a potentially unacceptable 
amount of nitrate nitrogen. This value is lower than the 
3.2 percent nitrogen reported by Vanderlip (1965), mentioned 
previously, but probably is due to the different types of 
crops grown. The crude protein content of different crops 
vary so that it would seem logical that accumulation of 
nitrate within different plants might start at different 
levels of crude protein if nitrate accumulation represents 
luxury consumption. 
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Vanderlip (1965) also found that nitrate nitrogen 
accumulation in broraegrass was related to available soil 
moisture, solar radiation, daily minimum temperature, and 
soil test values for nitrifiable nitrogen, available phos­
phorus, and exchangeable potassium. Available soil moisture 
in the surface foot increased the nitrate nitrogen content of 
the forage while moisture in the second and the third foot 
of soil decreased it. 
Sorghums, which include sudangrass, have been found to 
be high in nitrates by Case (1957) and by Hanway and Engle-
horn (1958)' Sudangrass, in particular, seems to accumulate 
nitrates easily. Murphy and Smith (1967), McCreery ^  al. 
(1966), Burger and Hittle (1967), and Sumner et al. (1965) 
have all reported high amounts of nitrate nitrogen in sudan­
grass. The last mentioned authors reported that 200 pounds 
of nitrogen as a split application was about the optimum 
when pasturing or green-chopping Piper sudangrass because 
greater quantities resulted in relatively high amounts of 
accumulated nitrate nitrogen without much yield increase. 
Murphy and Smith (1967) found that sudangrass accumulated 
nitrate nitrogen to a greater extent than did orchard grass, 
tall fescue, bluegrass, timothy, bromegrass, wheat, alfalfa, 
or ladlno clover in their Missouri studies. Burger and 
Hittle (1967) and McCreery et 8^. (1966) found that the 
nitrate nitrogen content of pearl millet was greater than in 
some sudangrass hybrids which, in turn, were generally higher 
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in nitrate nitrogen than was sudangrass. These workers 
found that the shorter the remaining stubble the higher was 
the nitrate nitrogen content of the harvested portion, which 
is in agreement with results reported by Bennett (195#), 
Brady jt (1955)» Clark and Shive (1931+)» Crawford et al. 
(1961), Hanway and Englehorn (1958), Hanway (1962), and 
Kretschmer (1958), all who have reported more nitrate nitro­
gen in stalks or stems than in leaves of most plants. In 
contrast, Bradley et (191+0) found the nitrate content of 
oat leaves was greater than that of stems in an oat hay which 
had proved toxic, and McCreery _et (1966) found that the 
nitrate nitrogen content of forage harvested at 2- or 3-week 
intervals was greater than that harvested at l|-week inter­
vals. Forage harvested at 5-week intervals was lowest in 
nitrate nitrogen content. Since the stems of most plants 
constitute a larger percent of the total dry matter as the 
plant matures, a decrease in the total nitrate content with 
maturity indicates stems contain less nitrate than leaves if 
the nitrate content of leaves remains about constant. 
Since plants must obtain their nitrates from the soil, 
it might seem that a positive correlation would exist between 
plant nitrates and soil nitrates; however, Jones (1966) indi­
cated that correlation of plant response to soil analyses 
has been poor since soil nitrate at any given time reflects 
only the difference between production and utilization. He 
pointed out that nitrates may be stored in the subsoil of 
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somewhat heavy soils and that this supply, which is usually 
not measured when soil samples are analyzed for nitrate, may 
account in part for the lack of correlation between apparent 
soil nitrate and crop behavior. Large amounts of nitrate 
may accumulate on the soil surface because, as the soil 
dries, upward movement of water due to evaporation carries 
nitrates to the soil surface. This was suggested by Black 
(1968) who indicated that accumulation of nitrogen in plants 
is probably favored where mineral nitrogen is uniformly dis­
tributed throughout the plant's root zone or where it is 
concentrated in that portion of the soil from which the last 
water is removed before the plant wilts permanently. Thus 
it appears that plants in the drier climates would tend to 
accumulate nitrates when roots were most active in the lower 
root zone or following light precipitation which might 
reactivate roots near the surface. Soil nitrate determina­
tions may be useful In a negative way in that if the soil 
contains a high amount no nitrogen need be applied; however, 
a low amount in the soil does not indicate that a response 
will be obtained If nitrogen Is applied. 
Emmert and Ball (1933) have shown that in pot culture 
tomatoes grown where soil moisture was maintained at 10 per­
cent had more nitrate than where soil moisture was greater. 
They attribute the high nitrate content of plants grown at 
this moisture level to a stunting of plant growth with an 
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attending lack of nitrate utilization because soil nitrates 
were also highest under the limited moisture regime. They 
concluded that low soil moisture lessened soil nitrification, 
decreased the water content of plants, and lessened the 
ability of plants to absorb phosphate so that tissue forma­
tion was retarded and consequently nitrate accumulated in 
the plant. 
Soil type has been shown to be associated with the 
nitrate content of plants, Gilbert e^ al. (19^6) reported 
that plants grown cn shale soils had a higher nitrate content 
than comparable plants grown on sandy loam soils. Hanway 
and Englehorn (1958) reported that all practices which in­
creased available nitrogen, such as growing legumes in the 
rotation or applying manure or nitrogen fertilizer, increased 
plant nitrate content, Kretschmer (1958) and Harris (1963) 
showed that cultural practice-3 such as fallowing prior to 
planting have a decided effect on the nitrate content of 
the various soil layers, whether successively cropped or 
cropped after fallow. Tucker et (1961) reported that 
an acid soil, rather than alkaline, tended to promote nitrate 
absorption from the soil. Honert and Hooymans (1955) also 
found an inverse relationship between solution pH and rate 
of nitrate uptakp in corn plants which had been germinated 
in soil and transplanted to nutrient solution. 
Temperature affects soil nitrification as shown by 
Sabey et al. (1956), who found that nitrification varied 
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directly but not linearly with soil temperature. Complete 
inhibition of nitrification was not attained until soil 
temperatures approached the freezing point; however, the 
nitrification rate at L|.6® F was only 6 percent of that at 
77° F, the optimum temperature. 
Nitrogen Utilization by Plants 
The ammonia form of nitrogen poses no difficulty in 
plant nutrition because this form is readily mobile within 
the plant and it is the form to which all nitrate is con­
verted before further incorporation into organic combina­
tions. As stated by Spencer (1958)» plants utilizing 
nitrate nitrogen differ from those using ammonia nitrogen 
in that they must reduce nitrate to ammonia. This process 
of reduction is a fundamental biochemical reaction in the 
plant kingdom. In this process of reduction nitrogen goes 
from +5 to -3> an eight-electron valency change which is 
thought to take place by means of four, 2-electron transfers. 
The first step is the only one that has actually been proven 
according to Kessler (196^) and Bandurski (196$). In this 
first step nitrate is reduced to nitrite in the presence of 
nitrate reductase, a nitrate reducing enzyme, according to 
McKee (1962). Bonner (1950) states that nitrite as an 
intermediate is seldom found in quantity in plants for long. 
The implication is that the process which converts nitrite 
to a further reduced form takes place at a rate potentially 
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greater than the actual rate of conversion from nitrate to 
nitrite. Hageman and Plesher (I960) and Hewitt et al. (1957) 
have shown that nitrate reductase is affected by the absence 
of light. The activity of nitrate reductase is diminished 
upon a plant's exposure to continued darkness but it recovers 
quickly when placed in light. It is not necessary that light 
be present in the immediate zone where reduction takes place 
because, according to Bonner (1950)» nitrate reduction is 
confined to the small roots in many deciduous trees. Amino 
acids, amides, and other forms of soluble nitrogenous com­
pounds are the forms in which nitrogen is transported to 
other portions of the tree. In most plants, however, the 
nitrate form is mobile within the plant and reduction takes 
place in the above-ground photosynthesizing parts. 
Spencer and dood (195^) found that the immediate re­
sponse to molybdenum when It was added to a molybdenum-
deficient plant was a decrease in the nitrate content and an 
increase in nitrite, ammonia, amino acids, and proteins. 
They concluded that the reaction which was retarded in the 
absence of molybdenum was involved directly or indirectly in 
the initial reduction of nitrate to nitrite. Spencer (1958) 
pointed out that any factor wliich restricts utilization 
of absorbed nitrate will tend to cause its accumulation in 
plant tissue. In this category he included deficiencies of 
llrht, carbohydrates, and certain micronutrients. 
19 
Plant Chlorosis 
Plants may become chlorotic when certain micronutrients 
are not present in adequate quantity or when they are present 
only in an unavailable form. Chlorosis in plants is an 
indication that the plants are not functioning normally. It 
would seem that chlorotic plants might contain more nitrate 
nitrogen than normal plants if this chlorotic condition re­
stricted the conversion of nitrates to plant protein at some 
step in the conversion. Several micronutrient deficiencies 
are known to cause plant chlorosis but according to Krantz 
and Melsted (1961;) iron chlorosis is most common in cal­
careous soils and, in the annual crops, sorghum is one of 
the crops most sensitive to iron deficiency. This is espe­
cially true where regrowth occurs after the original growth 
is harvested. Such a condition prevails when sudangrass is 
harvested and regrowth from the stubble occurs. 
The degree of iron chlorosis in sorghums may vary from 
slight to severe, according to Wallihan (1966). In cases of 
slight chlorosis the generally pale green leaf color may be 
indistinguishable from that caused by a deficiency of nitro­
gen or other element. An intermediate degree of severity is 
observed as a typical interveinal chlorosis that is diag­
nostic for iron deficiency while severely chlorotic leaves 
are essentially devoid of chlorophyll. 
The actual physiological mechanism whereby iron chloro­
sis is produced in a plant is still uncertain. Bennett 
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{I9I4.5)» in reviewing the literature pertaining to iron in 
leaves, mentioned the theory that iron deficiency is in­
creased by the precipitating action of increased hydroxyl 
ion concentrations; thus chlorosis would be expected to 
develop more readily under alkaline than under acid soil con­
ditions. He stressed, however, that there are many instances 
of iron chlorosis in which the chlorotic and green tissues 
have the same apparent pH. Lindsay and Thorne (1954) found 
that the bicarbonate ion reduced iron movement into leaves 
and stems, accentuating its accumulation in the roots. They 
concluded that the increase of plant chlorosis frequently 
associated with poorly aerated conditions could not be 
primarily attributed to f reduced oxygen level at the roots. 
This conclusion was substantiated by Kock (1955)» 
Reuther and Crawford {19i|7) found chlorosis of citrus 
plants was increased by increasing the frequency of irriga­
tion but that it could not be easily related to a depressed 
oxygen concentration as a result of increased irrigation. 
In contrast, Wallihan _et (1961) found that orange seed­
lings grown in calcareous soils at low oxygen levels devel­
oped strong typical iron chlorosis and that there was a 
significant reduction in concentration of iron and manganese 
from both low oxygen and added calcium carbonate. Brown and 
Holmes (1955) found that a continuous supply of iron was 
necessary for the growth of all plants but the concentration 
required to prevent chlorosis differed between species 
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and varieties. 
Blddulph (1953) indicated that certain nutrients such 
as calcium, iron, and zinc move from the leaf only in very-
small amounts and that a high phosphorus concentration within 
the tissuea further Inhibits movement of the last two from 
the leaf. Iron is most mobile and moves most freely when a 
high ion concentration gradient exists between the two parts, 
when the intervening tissues are extremely low in phosphorus, 
and when the growth of the plant has been at or near a pH of 
^.0. Kllman (1937) determined the oxidation state of iron 
in kernels and leaves of corn as well as leaves of other 
plants. He concluded that ferrous iron alone was taken up 
and utilized by plants. As Brown (1956) pointed out in his 
excellent review of iron chlorosis, Iron is not deficient 
in most soils but most iron compounds in soils are quite 
insoluble. Alkalinity and aeration favor oxidation of iron 
to the ferric state which is not as readily available as 
the ferrous state. Brown and Holmes (1956) determined the 
available iron supply in three soils and found iron to be 
an Important factor relating to the susceptibility of Wheat­
land mllo. PI-51+619-5-1 soybeans developed normally on 
all three soils. The cause of iron chlorosis may not be 
simply a deficiency of available iron but It may relate to 
the nutrient balance, or lack thereof, between nutrients. 
Brown and Tiffin (1962) found that zinc added to soil Induced 
Iron chlorosis in corn and millet but did not Induce it in 
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other species tested. Increasing additions of phosphorus 
accentuated both zinc and iron deficiencies. 
Glenister found that the respiration rate of 
young, chlorotlc leaves of Iron-deficient plants was de­
pressed and no translocation of iron from older to younger 
leaves occurred In iron-deficient sunflower plants. Holmes 
and Brown (1955) found that chlorosis of soybeans could be 
cured by adding certain chelates to the soil even though the 
chelates did not contain iron. Apparently some of the che­
lates made soil iron available to chlorosis-susceptible 
plants in certain soils. Not all chelates were effective, 
however. 
Oserkowsky (1933) suggested the use of the term "active 
iron" In plants. He found no correlation between total iron 
and that extractable with 1 N HCl; however, he found a posi­
tive correlation between the amounts of HCl-extractable iron 
and the chlorophyll content. Walllhan (1955) discredited 
the "physiological unavailability" concept of iron chlorosis 
for citrus because he found that total iron was related to 
chlorosis if carefully washed plants were used. He concluded 
that iron chlorosis of citrus was caused by a simple iron 
deficiency in the leaves. 
Lindner and Harley (19^^) stated that four of the more 
common ways whereby iron nutrition of a plant may bring about 
a chlorotlc condition are (a) true iron deficiency, (b) upset 
in P:Pe balance, (c) upset In Mn;Fe balance, and (d) 
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llme-induced chlorosis. On alkaline soils the last is 
probably the predominate cause of chlorosis. The authors 
used leaves of pear, apple, peach, cherry, apricot, and 
wild rose but found no direct relation between phosphorus 
and total nitrogen content with the degree of chlorosis. 
They did find a striking correlation between amount of chlo­
rosis and the potassium content. They attributed the leaf 
burn often observed when chlorosis is severe to the high 
level of potassium in the chlorotic leaves. They found no 
consistent correlation between total iron content of leaves 
and lime-induced chlorosis and either P:Pe or Mn:Pe balance. 
Olson and Carlson (19i|9) found that chlorosis was not 
restricted to calcareous soils nor were all calcareous soils 
chlorosis-producing. They found soils which produced chlo­
rotic sorghum were lowest in extractable iron while normal 
soils were highest. The ratloa of exchangeable manganese 
and iron and the easily reducible manganese and iron were 
significantly greater in chlorotic areas than in non-
chlorotic areas with differences being due primarily to 
the extractable iron content. They concluded that 
"While low extractable iron contents, high manganese-
iron ratios, high pH values, and the presence of free lime 
appear to enhance the development of iron chlorosis in 
plants, it seems that other factors determine whether or 
not chlorosis actually develops." 
Olson (1950) found that while chlorophyll and total 
iron content of sorghum leaves were affected by some treat­
ments such as acidifying agents, salts, and iron-bearing 
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materials, active iron was not. He concluded that the amount 
of iron soluble in 1 N HCl was not associated with chlorosis 
In sorghum as had been reported by McGeorge (191+9), who found 
total nitrogen percent in chlorotic citrus leaves was less 
than for normal leaves, thus indicating that normal matura­
tion of the leaf did not occur when chlorosis developed. 
Iljin (1951) also found total nitrogen to be greater in chlo­
rotic apple leaves than in normal leaves in the spring but 
by autumn the reverse condition prevailed. He stated that 
"The presence of abnormal amounts of nitrogenous sub­
stances, both soluble and insoluble, in the cell sap can be 
expected to inferfere with the normal physiologic activity 
of such cells. Such disturbance of function is visibly ex­
pressed by interference with the formation of chlorophyll 
and other pigments, as characterizes chlorosis." 
McGeorge (19^8) found the most consistent relation between 
green and chlorotic leaves to be a disturbance in the calcium 
to potassium ratio. As a leaf normally matures, calcium 
increases while potassium and nitrogen decrease; but in 
chlcrotic leaves he found the change restricted so that 
ratios remained like those of immature leaves. In growing 
barley seedlings on soils from chlorotic and non-chlorotic 
citrus groves, he found a disturbance in the calcium to 
potassium ratio in roots because of an excessive uptake of 
calcium from the chlorotic soils. There was little or no 
disturbance in the tops. Iron uptake was greater in seed­
lings grown on chlorotic soils but the iron was largely held 
in roots in a form insoluble în 1 N HCl. He concluded that 
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chlorosis of plants growing in a calcareous soil was a 
matter of iron activity within the plant rather than a 
failure of the plant to take up iron from the soil. 
Wallihan and Garber (1968) found that when the level 
of iron nutrition was the controlling variable, root to top 
ratios of orange and rice plants responded inversely to the 
level of iron supply and were inversely correlated with 
leaf-iron concentrations. 
Not all chlorosis is the result, of excess calcium in 
the soil. Smith and Specht (1953) reported that iron chlo­
rosis in trees growing on acid, sandy soils in Florida is 
increasing but can be alleviated by liming. This chlorosis 
is caused by the accumulation of heavy metals such as copper, 
zinc, and manganese in the top soil of citrus orchards. 
These heavy metals are components of sprays used in the 
orchards and thus tend to accumulate over the years as 
spraying is practiced as a control measure for insects and 
diseases. Phosphorus also accumulates independently of the 
other heavy metals and any of these, they found, may inter­
fere with iron metabolism of plants. The authors concluded 
that copper, zinc, and manganese caused iron chlorosis by 
interfering with the upward movement of iron within the 
plant since they did not reduce the accumulation of Iron 
in roots. 
Thus many factors may affect the physiology of a plant 
so that chlorosis may develop» Since a chlorotic plant is 
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not a normal plant, it would seem that conditions that are 
conducive to the development of chlorosis would be a causa­
tive factor in the disruption of the normal nitrogen metabo­
lism of that plant. Chlorosis of sudangrass grown in neutral 
or alkaline soils is an established fact. This chlorosis can 
be alleviated or eliminated by applications of iron. It 
would seem reasonable, therefore, that chlorotic plants 
might be higher in nitrate nitrogen than non-chlorotic 
plants. This research was conducted in an attempt to 
clarify the relationship between iron chlorosis and the 
nitrate nitrogen content of sudangrass when grown in a 
semi-arid climate on soils wnich have produced chlorotic 
sorghums in the past. 
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EXPERIMENTAL PLANS AND PROCEDURES 
Three field experiments, one on irrigated and two on 
non-irrigated land, were conducted to study the Influence of 
rates of nitrogen and iron on the sudangrass growth and chem­
ical composition. Two greenhouse experiments involving 
nitrogen, iron, and soil pH variables were conducted to pro­
vide additional information on this subject. All experiments 
were conducted at the Colby Branch Experiment Station of 
Kansas State University in 1968 and 1969. 
Climatic Data 
Colby, Kansas, is located in the semi-arid Central Great 
Plains area and has an average annual precipitation of 18.31 
inches with over ll| inches normally falling during the grow­
ing season of April through September. The area is charac­
terized by low relative humidity, hot days, and cool nights 
during the summer. Precipitation frequently falls in short, 
intense rainstorms or in light showers of less than one-half 
inch. When precipitation intensity is high, much is lost 
as runoff; when light amounts are received, much is lost as 
evaporation from the soil surface. Crops grown on land which 
had been fallowed the previous season nearly always suffered 
from drought sometime during the season. Hail is a constant 
threat and often accompanies summer thunderstorms. On 2k 
June 1968 hail stripped the leaves from young, tender plants 
shortly after the initial foliar application of iron had been 
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made to tests A and B. Precipitation amounts by months for 
the 1966 and 1969 growing seasons, as well as monthly aver­
ages, and temperatures are given in table 1. 
Table 1. Climatic data for the Colby Branch Experiment 
Station, Kansas State University, Colby, Kansas, 
for the growing seasons of 1968 and 1969 
Precipitation Temperature 
Month 
SS-year Maximum Minimum Average 
1968 1969 — 
average 1968 1969 1968 1969 1968 1969 
April .79 1.76 1.75 84 78 14 25 48 52 
May 2.43 1.87  2.67 89 92 33 34 55 61 
June 5.09 2.58 3.07 104 105 44 33 72 65 
July 1.82  3.54 2.90 103 109 51 52 75 77 
August 5.30 2.66 2.32 99 104 45 51 72 74 
September 
.44 .17 1.49 92 94 40 41 64 67 
Seasonal 
totals 15.87 12.60 11^.20 
Experimental Sites and Management Procedures 
Field tests were conducted on a Keith silt loam soil, an 
important cultivated Chestnut soil of northwest Kansas. This 
soil has produced chlorotic sorghum in certain years and has 
nearly always produced chlorotic regrowth of sudangrass after 
the initial growth had been removed by cutting or grazing. 
Field tests were on both irrigated and non-irrigated sites. 
Greenhouse tests were conducted using surface soil collected 
from the sites of the non-irrigated tests. 
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Irrigated teat A 
One field test involved rates of nitrogen and iron 
applied to two varieties of sudangrass grown under irriga­
tion. This study was designated as test A and was located 
on a site which had been leveled in 1958 for basin irriga­
tion. Leveling operations exposed the subsoil in places so 
that the pH of the upper 6 inches ranged from 7«35 in repli­
cation one to 8.10 in replication three. Grain sorghum had 
been grown on this basin in former years and was moderately 
to severely chlorotic. Winter barley had been seeded in the 
fall of 1957 but it winterkilled completely. 
A split plot design with Greenleaf and Wheeler vari­
eties as sub-plots was used for this test. Main treatments 
were factorial combinations of nitrogen at six levels (0, 50> 
100, 200, i|00, and 800 pounds per acre) and iron at three 
levels (0, 1, and 2 pounds per acre): Three replications 
were seeded. Main plots were 160 inches wide (eight 20-inch 
rows) by 20 feet long. 
Ammonium nitrate was broadcast on individual plots and 
was disced in before seeding sudangrass on 1^ . June 1968. An 
International grain drill, set to seed 11 pounds per acre in 
20-inch rows, was used. Iron was applied as a foliar spray 
using Geigy Chemical Company's Pe I38 chelate at the rate of 
1 pound iron per acre per spray. The spray was applied with 
a Hudson garden sprayer which had been modified with a pres­
sure gauge and relief valve. Spray rate was calibrated and 
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the concentration of Iron chelate was adjusted to give the 
proper amount when a row 20 feet long was sprayed in 20 sec­
onds at 10 pounds pressure. This combination gave good 
coverage of the foliage. The first spray was applied 20 June 
when plants were ^ to 6 inches tail, the second spray on 
25 July when regrowth was 6 to 8 inches tall. 
The area had been irrigated the preceding fall so as to 
wet the soil to a depth of 6 feet. Additional irrigation 
water was applied after each yield harvest to replenish that 
lost by évapotranspiration. Soil samples were taken 28 May 
and 30 July for determination of pH, phosphorus, moisture, 
and nitrate nitrogen. 
Plant stands were erratic on replications two and three. 
The soil pH was above 7.0 on these plots and free calcium 
carbonate was present in the surface six Inches. It is 
possible that poor stands resulted from an accumulation of 
nitrite nitrogen because the conversion from nitrite to 
nitrate may be reduced or prevented at high soil pH. Abnor­
mally high amounts of ammonium nitrate fertilizer were ap­
plied to some plots so that large amounts of ammonium were 
present for the production of nitrite nitrogen. There was 
an inverse relationship between applied fertilizer nitrogen 
and plant stands on these two replications where soil pH was 
high; however, soil nitrite content was not determined. 
Plant samples for nitrate nitrogen determinations were 
harvested between 9:30 and 10:30 AM at weekly intervals 
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beginning 9 June except for the week following a yield 
cutting when regrowth was too small for an adequate sample. 
These samples were obtained by randomly cutting 10 to 20 
plants (depending upon their size) from the two center rows 
of each sub-plot. They were Immediately placed in a forced 
air drier, dried at 60° C, ground in a Wiley mill (with 1 mm 
stainless steel sieve), and stored in plastic bottles for 
nitrate nitrogen determination and for ashing to determine 
calcium, manganese, phosphorus, potassium, and iron. 
Cuttings for dry matter yields were made on 1$ July and 
13 August by harvesting 8 feet of each of the two center rows 
of a sub-plot; the rest was cut and discarded. Plant materi­
al cut for yields was placed in a forced air drier soon after 
being cut and dried at 60° C. Yields were calculated on an 
oven-dry basis. 
Sky cloudiness on harvest days was recorded because 
the amount of photosynthetic activity may affect nitrate 
accumulation in plants . Weeds were controlled by hoeing. 
Fallow test B 
A second field experiment, designated as fallow test B, 
was essentially the same as irrigated test A except that it 
was not irrigated. The site for this test was in a field 
which had been cropped an undetermined number of years in a 
fallow-crop sequence. There was no known history of fertil­
izer use on the area which was approximately one-half mile 
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from the test A site on land with a slope of less than 
1 percent. The pH of the surface 6 inches was 6.2$; however, 
the underlying B and C horizons were calcareous. 
The experimental design and treatments used in this 
test were similar to those used in test A except that the six 
nitrogen rates were reduced to 0, 20, l|0, 80, 160, and 320 
pounds per acre. Three replications were seeded. Main plots 
were 160 inches wide (eight 20-inch rows) by 35 feet long. 
Ammonium nitrate was broadcast on individual plots and 
was disced in before seeding sudangrass on June 1968. The 
test was seeded and iron was applied as described for test A. 
Excellent stands were obtained and initial growth was rapid. 
Soil samples were taken on 3 June, 11^ June, and 12 July 
for determination of soil moisture, phosphorus, pH, and 
nitrate nitrogen. 
Plant samples for nitrate nitrogen determinations wsrs 
first harvested on 3 July at ^-hour intervals, starting at 
6 AM and ending at 6 PM, for determination of diurnal fluc­
tuations in nitrate nitrogen content. These small samples 
were taken by randomly selecting from 10 to 20 plants 
(depending upon size) from the two center rows of the [}.-row 
sub-plots. 'Weekly samples were collected between 9:30 and 
10:30 AM except when regrowth, following a yield cutting, 
was too small for an adequate sample. These samples were 
handled similarly to those collected in test A. Sky cloudi­
ness at harvest time was recorded as it was for test A. 
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Yield cuttings were made on 10 July and 5 August by 
harvesting 8 feet of each of the two center rows of a sub­
plot; the rest was cut and discarded. Plant material har­
vested for yields was placed in a forced air drier soon 
after being cut and dried at 60° C. Yields were calculated 
on an oven-dry basis. 
Initial plant growth on test B was excellent; however, 
regrowth was poor because of limited moisture in the soil. 
Plants had started to head when cut the second time although 
they were only about 12 inches tall. 
Fallow test C 
A third field test, designated as fallow test C, was 
located near test B and on a site with similar past treatment 
and soil characteristics. Dry matter yields and nitrate 
accumulation in several sudangrass hybrids and one variety 
were studied in this test. 
A randomized complete block design with four replica­
tions was used. Ammonium nitrate was broadcast over the test 
area at 160 pounds nitrogen per acre and was disced in before 
seeding the five hybrids (Mor-Su, Su-1, Sudax, Sweet Sioux, 
Trudan 1|) and the one variety (Wheeler). Seeding was done in 
a manner similar to that for test B. Plot size was 80 inches 
(four 20-inch rows) by 35 feet. Excellent stands were ob­
tained and early growth was vigorous; howovor, regrowth was 
severely limited by available soil moisture. Samples for 
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yield and for nitrate nitrogen determinations were obtained 
and handled as described for the respective samples in 
test B. 
Greenhouse test D 
A greenhouse test, designated as greenhouse test D, was 
conducted with nitrogen, iron, and soil pH as variables 
to study their effect on dry matter production. A central 
composite rotatable design for k = 3, as given by Cochran 
and Cox (1957), was used in this study. Two thousand grams 
of air dry surface soil, obtained from the field near sites 
of tests B and C, was weighed, treated, and placed in each 
of 20 6-inch unglazed clay pots. Nitrogen as ammonium 
nitrate, iron as Geigy Chemical Company's Pe I38 chelate, and 
either Ca(0H)2 or HgSO^ was thoroughly mixed with each 2000 g 
of soil before it was placed in the pot. Amounts of nitrogen 
and iron added were calculated based upon the average figure 
of 2,000,000 pounds of soil per acre furrow slice. A cali­
bration curve was made to determine the amounts of CafOHÏg 
or HgSO^ needed to produce the appropriate soil pH. Treat­
ments used are given in table 2. 
About 10 seeds of Wheeler sudangrass were planted in 
each pot on l\. June and stands were thinned to five plants per 
pot after all had emerged. Distilled water was used to water 
the plants as needed. Two cuttings were made on this tost, 
the first on 1? July and the last on 6 August 1968. Plant 
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Table 2. Treatments applied to test D, a central composite 
rotatable design for k = 3 
^ ^  ^ Traataents-
Pot number —r -
N pH Pe NH^KO^ CatOHjg HgSO^ Pe I38 
1 122 6  .[ j .  2 .03  0 .  366  2 .40  0 .033  
2  478 b . l i  2 .03  1 .1^34 2 .40  0 .033  
3  122 7 .6  2 .03  0 .366  14 .00  0 .033  
4  478 7 .6  2 .03  1 .434  14 .00  0 .033  
5  122 6  . l |  7 .97  0 .366  2 .40  0 .134  
6  478 6 . t | .  7 .97  1 .434  2 .40  - -  0 .134  
7  122  7 .6  7 .97  0 .366  14 .00  0 .134  
8  478  7 .6  7 .97  1 ,434  14 .00  0 .134  
9  0  7 .0  5 .0  0  7 .50  — 0 .0  84  
10  600 7 .0  5 .0  1 .800  7 .SO 0 .084 
11  300 6 .0  5 .0  0 .900  — 1.80  0 .084  
12  300 8 .0  5 .0  0 .900  20 .00  0 .084  
13  300 7 .0  0  0 .900  7 .50  -  -  0  « 000  
14  300 7 .0  10 .0  0 .900  7 .50  0 .167  
15  300 7 .0  5 .0  0 .900  7 .50  0 .084  
16  300 7 .0  5 .0  0 .900 7 .50  — 0 .0  84  
17  300 1 .0  5.0  0 .900 7 .50  0 .084  
18  300 7 .0  5 .0  0 .900  7 .SO 0.084 
19 300 7 .0  5 .0  0 .900  7 .SO 0 .084 
20  300 7 .0  5 .0  0 .900  7 .SO 0 .034 
= pounds applied N on a per acre basis, pH = adjusted 
soil pH value, Pe = pounds applied iron on a per acre basis. 
^Either CalOH)^ or HgSO^ was used to adjust soil pH 
to desired levels. 
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material harvested was placed in a forced air oven, dried 
at 60° C, weighed, ground in a Wiley mill, and stored in 
plastic containers for analysis. 
Greenhouse test E 
A second greenhouse test, designated as greenhouse test 
E, was conducted to study the effects of nitrogen and iron 
treatments on the rate of nitrate uptake and decline in 
plants. Approximately 10 seeds of Trudan 1|, a true sudan-
grass hybrid, were planted 2i|. May 1969 in each of Sk 6-inch 
unglazed pots which contained 2000 g of air dry surface soil 
from the test B site. Pots were placed in a large galva­
nized tray into which tap water was added to wet the soil as 
desired. Stands were thinned to six plants per pot and all 
pots received identical treatment until 21 June when 27 pots 
were placed in another galvanized tray containing an ammonium 
nitrate solution made up of 2 g of ammonium nitrate per liter 
of water. The remaining 27 pots continued to receive only 
water in the original tray. 
Plant samples were harvested from triplicate pots at 
specified time increments (0, 5> 10, 15> 30, 60, 120, 2l|.0, 
and i|80 minutes) following immersion in the ammonium nitrate 
solution. Comparable plant samples were harvested from 
triplicate pots at the same time intervals but which had not 
been immersed in the ammonium nitrate solution (only in 
water). Samples were dried at 60*^ C in a forced air oven, 
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ground in a Wiley mill, and stored in plastic containers for 
nitrate nitrogen analysis. 
Following the first harvest all pots were replaced in 
the original tray for watering ease. As soon as regrowth had 
started, ^  g of ammonium nitrate and 6 g of triple super­
phosphate were added to each pot. Plants were allowed to 
grow undisturbed until they were about 30 inches tall, at 
which time iron deficiency symptoms were becoming apparent. 
One week before the second harvest one-half of the pots were 
randomly selected and placed in another galvanized tray. 
These were watered with a solution containing I4 g of Pe I38 
iron chelate per liter of water and were sprayed with a 
similar solution. These treatments eliminated the mild 
iron deficiency which had been present. 
On 26 July all Sk pots of sudangrass were given $0 ml 
of U.O25 N KNO-j solution and plant material was harvested 
at specified intervals (0 ,  1 ,  2 ,  8 ,  2 i ; ,  1+8,  72 ,  and I68  
hours) following this treatment. Triplicate samples were 
harvested both from the pots treated with iron chelate and 
from those not so treated. All were placed in a drying oven 
immediately after harvest, dried at 60° C, ground in a Wiley 
mill, and stored in plastic containers for nitrate nitrogen 
analysis. 
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Chemical Analysis and Laboratory Procedures 
Soil phosphorus 
Soil phosphorus determinations were made using the method 
employed at the Kansas State Soil Testing Laboratory, which is 
a modification of the method described by Chapman and Pratt 
(1961). This "nethod, which involves the development of a 
blue-colored molybdophoaphoric complex produced by selective 
reduction of heteropoly molybdophosphoric acid, uses an ex­
tracting solution that is O.O3 NH^F and 0.025 N HCl to 
extract the "available" phosphorus from the soil. This com­
bination of HCl and NHj^P causes most of the acid-soluble forms 
of phosphorus and some of the aluminum and iron phosphates to 
go into solution. Color was developed using amlno-naphthol-
sulfonic acid reducing agent and was measured on a Coleman 
Model oA spectrophotometer. 
Soil pii values 
Soil pH values were determined usinr a Fisher Model 320 
Accumet pii meter with ^lass electrode. Ten ml of water was 
added to 10 g of soil to give a 1:1 mixture. This was 
allowed to equilibrate 30 minutes before final mixing and 
pH determination. 
Soil moisture 
Soil moisture was determined gravimetrically. Samples 
wore taken with a King tube in 1-foot Increments except the 
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first foot which was sampled in two 6-inch increments, 
weighed to the nearest 0,1 g, dried to a constant weight at 
105° 0, and then reweighed after cooling. 
Soil nitrate nitrogen 
Soil nitrate nitrogen was determined colorimetrically 
using a modification of tho nitrophenoldisulfonic acid method 
described by Jackson (1958)• Soil samples were taken with a 
King tube, dried immediately at 55° C in a forced air oven, 
and ground to pass a 10-mesh sieve. Fifty g of dry soil was 
placed in a pint milk bottle, 250 ml of 0.02 N CuSO^ extract­
ing solution was added, and the suspension then placed on a 
reciprocating shaker for 10 minutes. Approximately O.lj. g 
Ca(0H)2 and 1 g MgCO^ were added and the mixture shaken for 
5 minutes more. The mixture was filtered through a dry, 
No. 2 Whatman filter paper and the first 20 ml of filtrate 
discarded. A 25 ml aliquot of the remaining filtrate was 
evaporated to dryness in a porcelain evaporating dish placed 
on a gas hot-plate which was covered with sheet asbestos to 
prevent excessive temperature rise. A low gas flame was used 
to prevent loss of nitrate from the aliquot. Evaporating 
dishes were removed as soon as all moisture had been vapor­
ized, allowed to cool and then treated with 3 "il phenoldi-
sulfonic acid. Fifteen ml of distilled water was added after 
15 minutes and the solution stirred with a glass rod to in­
sure that all solid residue was dissolved. After it had 
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cooled, NHj^OH was added until the solution was alkaline as 
indicated by a straw-yellow color which persisted. This was 
diluted to a standard volume of 100 ml, mixed well and an 
aliquot placed in a funnel tube. Light transmittancy was 
determined using 1|20 m/^light on a Coleman Model 6A Junior 
spectrophotometer. 
A standard solution was prepared by dissolving 0.7221 g 
of pure dry KNO^ in water and diluting to 1 liter. One 
hundred ml of this solution (containing 100 ppm nitrogen) 
was diluted to 1 liter to produce a working standard (10 ppm). 
Zero, il, 8, 16, and 20 ml of this latter solution were evapo­
rated to dryness and color was developed as for soil ex­
tracts. These amounts correspond to 0, 0.^, 0.8, 1,2, 1.6, 
and 2.0 ppm nitrogen in the final solution. A plot of these 
standards gave a working reference curve that was usable up 
to 2.0 ppm nitrogen. 
Plant nitrate nitropen 
The nitrate nitrogen content of all plant material har­
vested in 1968 was determined by the steam distillation 
method described by Bremner and Keeney (1965) but adapted to 
plant material by Hanway e;t al. (1963). A phenoldisulfonic 
acid method described by Murphy and Smith (196?) was used on 
plant material harvested in 1969 because the steam distilla­
tion apparatus was unavailable at the Colby Branch Experiment 
Station where the latter analyses were made. 
steam distillation method : Approximately 0.5 g (weighed 
to the nearest rag) of dried plant material was added to 
100 ml of 2 N KCl in a flask, digested on a steam plate for 
1 hour, and then filtered through a TJo. 2 Whatman filter 
paper. The filtrate was analyzed for nitrate nitrogen as 
rapidly as possible after digestion, usually within i). hours 
from the time it was filtered. 
A 20 ml aliquot of the filtrate was placed in the dis­
tillation flask to which approximately 0.2 g MgO was added 
and it was distilled until approximately 25 ml had been dis­
tilled into the receiving flask. This Initial distillate, 
which contained any ammonia-nitrogen In the plant material, 
was discarded and a flask containing 5 ml of a boric acid-
indicator solution was placed under the condenser . About 
0.2 g of finely ground Devardas alloy was added to the 
sample and distillation continued until approximately 25 ml 
was collected. This was titrated with standardized acid 
(9.b9xlO"3 N H^SO^) from a microburette. No attempt was 
made to separate the nitrite nitrogen from the nitrate 
nitrogen as preliminary work indicated that plant material 
contained only a negligible amount of the former. 
Blanks were distilled and the amount of acid required to 
titrate the distillate to an end point was subtracted from 
the amount required to titrate a sample. Percent nitrate 
nitrogen was calculated as follows: 
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1.1| N (T - B) 
percent NOo-N = where 
^ SP 
T = sample titration, ml standard acid used 
B = blank titration, ml standard acid used 
N = normality of standard acid 
S = sample weight in grains 
P = fraction of total used in aliquot 
Phenoldisulfonic acid method One g dry plant samples, 
weighed to the nearest mg, were digested in water on a hot 
plate for 30 minutes, filtered through a No. 2 Whatman filter 
paper, and made to a standard volume of 100 ml. One-half 
teaspoon of activated charcoal was added to the filtrate 
which was placed on a reciprocating shaker for 10 minutes. 
Approximately one-fourth teaspoon Ga(0H)2 and one-half 
teaspoon MgCO^ were added to precipitate any colloidal carbon 
and plant sugars; then the mixture was shaken for 5 minutes 
before filtering to obtain a clear solution. Ten ml of the 
clear solution was pipetted into an evaporating dish and 
evaporated to dryness on a gas hot plate with a very low 
flame, hivaporating dishes were removed as soon as all mois­
ture had evaporated and were allowed to cool. Three ml 
phenoldisulfonic acid was added to the center of each evapo­
rating dish, using a pipette with a broken tip to insure 
rapid delivery, and the dish was rotated so that the acid 
contacted all residue. Acid was allowed to react for 1$ 
minutes before 15 ml of distilled water was added and 
stirrea to insure complete solution of all particles. 
After the solution had cooled, ammonium hydroxide was 
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added until the solution became alkaline, as indicated by 
the development of a straw-yellow color which persists in 
eitaer a neutral or alkaline solution. After diluting to 
volume (either 100 ml or 2$0 ml depending upon the intensity 
of color present), the optical density was determined in a 
Coleman Model 6a Junior spectrophotometer using a light 
setting of i|20 m/t.. Color standards were developed and 
plotted as previously indicated for nitrate nitrogen deter­
minations of soil samples. 
Nitrate nitrogen content of plant samples was calculated 
on a dry weight basis as follows: 
m _ tve 
N where 
aw 
N = ppm nitrate nitrogen in dry plant tissue 
T = ppm nitrate nitrogen in test solution 
V = final color volume in ml 
E = extraction solution volume in ml 
A = aliquot evaporated in ml 
W = sample weight in grams 
Plant sample ashing 
One g plant samples, weighed to the nearest mg, were 
ashed in a muffle furnace 2 hours at 600° C for determination 
of potassium, phosphorus, calcium, manganese, and iron. 
After the dishes had cooled, about 15 ml of distilled water 
was added to each, followed by 15 ml of 6 N HCl. The result­
ing solution was filtered through a No. 2 Whatman filter 
paper using several hot water washes to complete the filtra­
tion. Filtrate was diluted to 100 ml in a volumetric flask 
4^ 
and was stored in plastic bottles for further analyses. 
Plant potassium 
Potassium determinations were made on a Perkin and 
Elmer flame photometer using a standard concentration of 
500 ppm potassium to equal a full scale deflection of 100. 
A concentration of $00 ppm potassium in solution of the 
ashed plant sample (1:100 dilution) equals 5*0 percent 
potassium in the plant tissue. The concentration of potas­
sium in plant tissue did not exceed this value so that 
additional dilutions were unnecessary. Chapman and Pratt 
(1961) indicate that the normal range of potassium in plants 
is between 0.20 and percent. Values obtained were 
within these limits, 
A standard solution ($00 ppm potassium) was made by 
dissolving 0.90l| g reagent grade KCl in distilled water and 
diluting to 1 liter. Further dilutions were made in order 
to have 1+0, 100, 125» 200, 2$0, and 375 ppm potassium and 
those were used to obtain a standard curve. 
Plant phosphorus 
Phosphorus determinations on extracts of ashed plant 
samples were made according to the molybdenum blue method of 
Fiske and Subbarow as described by Chapman and Pratt (196^). 
Millar (1955) indicates the range of phosphorus content in 
some feedstuffs is from 0.038 to 0.^25 percent (approximately 
[(.00 to 1|000 ppm). In order to reduce the concentration of 
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phosphorus In solution within the limits of sensitivity of 
the test, an aliquot of 5 ml of the original solution (1:100 
dilution) was diluted to 100 ml, giving a final dilution of 
1:2000 which was adequate for the material being tested. 
A 5 Ml aliquot of the solution (1:2000) was placed in a 
test tube and 5 drops of 2.5 percent ammonium molybdate re­
agent were added and mixed. Then 2 drops of the amino-
naphthol-sulfonic acid reducing reagent were added and mixed, 
and in 25 minutes the color density was read using 660 m^ 
light in a Bausch and Lomb Model 2 spectrophotometer. Stan­
dard solutions were prepared with 0, 2, 1;, 6, and 8 ml ali­
quot s of 20 ppm phosphorus diluted to 50 ml. Color was 
developed as for the samples. 
Plant calcium 
Calcium determinations were made on a Perkin and Elmer 
Model 303 atomic absorption spectrophotometer using the 
solution containing the residue of the ashed samples de­
scribed previously. Determinations were made using tube GaMg 
#3631, a current of 15 mA, l|227 angstrom wavelength, visible 
range, slit number acetylene fuel of 9.0, and air of 7.5. 
Lanthanum was added to the solution to protect calcium from 
interference by anions such as phosphorus and aluminum. 
Measurements were taken on standard solutions and results 
plotted on a graph from which sample concentrations were 
determined. 
1+6 
Working conditions were steady for calcium determina­
tions so that only an occasional check of one of the stan­
dards which was near the concentration of the samples was 
necessary while samples were being run. All standards were 
run before commencing sample analyses. 
Plant manganese 
Manganese determinations were made on a Perkin and 
Elmer Model 303 atomic absorption spectrophotometer using the 
solution containing residue of ashed samples described pre­
viously. Determinations were made using tube #Mnl|33K, a 
current of 15 mA, 2801 angstrom wave length, ultraviolet 
range, slit number 5, and acetylene fuel and air of 9.0. 
The concentration of manganese in the sample solution (1:100) 
was within the optimum working range of the instrument (2 to 
20 ppm manganese) so that no further dilution was necessary. 
Working conditions were very steady so that after the 
standard solutions had been run only an occasional check 
against a standard near the concentration of the samples 
was necessary. 
Plant iron 
Iron determinations were made on a Perkin and Elmer 
Model 303 atomic absorption spectrophotometer using the solu­
tion containing residue of ashed samples described previously. 
Determinations were made using tube #25lZ, a current of 30 mA, 
slit number ultraviolet range, 28ii3 angstrom wave length, 
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and acetylene fuel and air of 9.0, The optimum range of the 
instrument for determination of iron is 2 to 20 ppm. Iron 
content of the samples was near the lower extreme so that the 
instrument had to be adjusted for maximum sensitivity. 
Determinations were made on each standard solution be­
fore beginning sample determinations. Reproducibility was 
difficult to attain for both standard solutions and samples 
so that it was necessary to run a standard solution as a 
check between each sample. Reasons for these fluctuations 
were not known. Because the iron content of samples was 
low, the 5 ppm iron standard solution was the one used in 
nearly all instances. 
Statistical Procedures 
Statistical analyses were made according to methods 
given by Snedecor (1956). Cochran and Cox (1957). or LeClerg 
et al. (1962). All analyses were made on desk calculators 
and the 5 percent level of significance was accepted as the 
standard for determining statistical significance. 
Tests A and B 
Tests A and B were identical in design, differing only 
in Increments of nitrogen applied. Both were basically split 
plot designs with three replications. Main plot treatments 
were fertilizer combinations (six levels of nitrogen and 
three of iron); sub-plot treatments were sudangrass varieties 
(Grecnleaf and Wheeler). In the analysis of variance for 
1|8 
yield each cutting was considered a sub-sub-plot and anal­
yses were made according to the outline in table 3» All main 
plot treatments were in factorial combinations so that the 
sums of squares for iron, nitrogen, and iron x nitrogen were 
separated from the main plot treatment sums of squares. 
Plant samples were harvested from all plots; however, sam­
ples for chemical analysis were taken from plots which received 
the extreme in main plot treatments (no iron, no nitrogen; no 
iron, maximum nitrogen; 2 pounds iron, no nitrogen; 2 pounds 
iron, maximum nitrogen). In analyzing these data, sampling 
times were considered another main plot factorial treatment so 
that analysis of variance followed the outline in table I4.. 
The least significant difference, at the 5 percent level, 
was calculate;] as h ho product of the t-value (for the 
appropriate degrees of fi-eedom) and the standard ei ror, 
the latter being calculated from appropriate formulas in 
tables 5 and 6. 
Test C 
Test C was designed as a randomized complete block with 
four replications and six treatments (consisting of one stan­
dard sudangrass variety and five hybrids). Total dry matter 
produced was determined as the sum of that produced at each 
cutting so that the analysis of variance for yield followed 
the iosign for a split plot with each cutting representing a 
.uib-ti'oati'.ent. I'.'.e outline for t-he analysis of variance 
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Table 3» Outline of analysis of variance for a split split 
plot design with the main plot treatments in an 
a]_ X factorial combination (used for analysis 
of yield data in tests A and B) 
Source df^ 
Replications (r - 1) 
Main plot treatment 
iron 
nitrogen 















Sub-plot treatment, varieties 
main plot treatment x varieties 
iron X varieties 
nitrogen x varieties 





- 1) (^  -
- !)(/ -
- 1){J9 -




i)(y? - 1) 
Error B [t«câ -
Total B ^ 
1) - (roc- 1) 
( VcC/S - 1) 
- (^ - 1) 
Sub-sub-plot treatment, cuttings 
main plot treatment x cuttings 
iron X cuttings 
nitrogen x cuttings 
iron X nitrogen x cuttings 
varieties x cuttings 
main plot treatment x varieties 
25 cuttings 
iron X varieties x cuttings 









- 1) , 
- 1) ( > -
- 1)( T -
- i)( r -
- 1 ) ( -
















Error C {roc/3y~ 1) - (roc^ - 1) - ( T' - 1) -
(oc - 1 ) ( - 1) - 1 ) ( ^  - 1) - (®^  - 1 ) ( /S - 1 ) 1 ) 
Total C ( rocygy- 1) 
represents number of replications; cc, number of main 
treatments;^ , number of sub-plot treatments; and T' , number 
of sub-aub-plot treatments. 
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Table i|. Outline of analysis of variance for a split plot 
design with main treatments in an a^ x ag x 
factorial combination (used for analysis of 
nitrate nitrogen data in tests A and B) 
Source df' 
Replications (r - 1) 
Main treatments (OC - 1 
iron (OC, - 1 
nitrogen {oc^ - 1 
sampling date [OOj  - 1 
(OC;J -iron X nitrogen (oc, - 1 1) 
iron X sampling date (OC/ - 1 (OCj- 1) 
nitrogen x sampling date (0^4 - 1 (oCjr - 1) 
1) iron X nitrogen x sampling date (OC/ - 1 (OC;J- l)(®Cy-
Error A (r - 1) OC- 1) 
Total A (roc - 1 
Sub-plot treatment, varieties (/^ - 1 
[fi -main plot treatments x varieties (oc - 1 1) 
iron X varieties (OC, - 1 (/^ - 1) 
nitrogen x varieties (OC^ - 1 (/f - 1) 
sampling date x varieties (OCj - 1 
-
1) 
iron X nitrogen x varieties (oC/ - 1 (OC&- \ ) { J3 - 1) 
iron X sampling date x varieties (oc. - 1 (OCj- 1 ) ( /^ - 1) 
nitrogen x sampling date - 1 (oCj- \ ) [ / 3  - 1) 
X varieties 
iron X nitrogen x sampling date (oc - 3)(/^ - 1) 
X varieties 
Error B {voc/S - 1) - (rcc- l) -
(^ . 1) - (oc- i)(^ - 1) 
Total B (roCyg - 1) 
^r represents number of replications; oc , number of 
main plot treatments; andyg , number of sub-plot treatments. 
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Table 5« Standard errors for split plot design with a 
single subdivision 
Treatment comparison^ SE^ 
Difference between 
two main plot means, i 
( ai - ag) (2Ea^/r^ ) % 
Difference between 
two sub-plot means, i 
(b^ - bg) ( 2E^/roc ) 2 
Difference between 
two sub-plot means at 
the same level of 
main plot treatment, i 
(a^bi - a^bg) (2Ey/r) 2 
Difference between 
two main plot means of 
a given sub-plot or between 
different sub-plots, ^ ^ ^ i 
(&!&! - agb^) or (a^bi - agbg) " D^b + ® 
represents main plot treatment; and b, sub-plot 
treatment. 
represents error mean square for main plot treat­
ments; Ey, error mean square for sub-plot treatments; r, 
number of replications; oc , number of main plot treatments; 
and ^  , number of sub-plot treatments. 
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Table 6. Standard errors for a split split plot design 
Treatment comparison^ SE^ 
Difference between 
two main plot means, y 
(aj - ag) (2Eg^/i^y 
1 
Difference between 
two sub-plot means, 
(bi - bo) (2E^/roc/)^ 
Difference between 
two sub-plot means at 
the same level of 
main treatment, 
(a^b^ - a^bQ) (2Eb/ry)' 
Difference between 
two main plot means at 
the same level of sub-plot 
treatment or at different 
levels of sub-plot treatments, 
(aibi - aQbi) or (a^bi - aQbg) - 1)E^ + Ej/r^Tj ' 
Difference between 
two sub-sub-plot means, i 
2 
( C} - cq) ( 2Eg/r*:yg ) 
Difference between 
two sub-sub-plot means at 
the same level of main treatment, i 
(aiCi - a^cg) (2Eg/ryg ) 2 
^a represents main plot treatment; b, sub-plot treatment; 
and c, sub-sub-plot treatment. 
^Eg^ represents error mean square for main plot treat­
ments; Ejj, error mean square for sub-plot treatments; Eg, 
error mean square for sub-sub-plot treatments; oc, number of 
main plot treatments; , number of sub-plot treatments; 
number of sub-sub-plot treatments; and r, number of 
replications. 
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Table 6 (continued) 
Treatment comparison SE 
Difference between 
two sub-sub-plot means at 
the same level of sub-plot treatment, i 
(b]^ci - bicg) ( 2Eg/roc ) % 
Difference between 
two sub-sub-plot means at 
the same level of main treatment 
and sub-plot treatment, i 
(aibici - a^bico) {2E^/r)^ 
Difference between 
two sub-plot means at 
the same or different levels of 
sub-sub-plot treatments, . i 
(bj^C]_ - bgC]^) or {bici - bQCg) (2 [( 7^- 1)E^ + Ej /roc7^^ 
Difference between 
two sub-plot means at 
the same level of main treatment 
and sub-sub-plot treatment, ^ ^  _ % 
(aibici - aibQCi) DE^ + E^^/rrJâ 
two main plot means at 
the same or different levels of 
sub-sub-plot treatments, ^ ^  -)L 
(aici - aQCi) or (a^ci - agOg) [2[(T - 1)E^ + 
Difference between 
two main plot means at 
the same level of sub-plot 
and sub-sub-plot treatment, 
(aibic, - aobici) . DE, + 
used is given in table ?• 
Samples were harvested at regular intervals for chem­
ical determinations. In this case, varieties and sampling 
times were considered as main treatments so that the analy­
sis followed a design for factorial combinations of main 
treatments. The outline for the analysis of variance used 
is given in table 8, The least significant difference, at 
the 5 percent level, was calculated as a product of the 
t-value (for the appropriate degrees of freedom) and the 
standard error, the latter calculated from appropriate 
formulas in table 9. 
Table 7. Outline of analysis of variance for a split plot 








varieties x cuttings 
i^rror B 
Total B 
(rcc/9 - 1) 
df^ 
(r - 1) 
(oc_ 1) 
( r - 1 ) (^  ^- 1 ) 
(roc- 1) 
(>9 - 1) 
(oc- l){/3 - 1) 
- (rûc- l) - - 1) — 
(oc-  l ) ( / f  -  1)  
(roc/? - 1) 
^r represents number of replications; oc , number of 
main plot treatments; and ^  , number of sub-treatments. 
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Table 8. Outline of analysis of variance used for a ran­
domized complete block design in which main 
treatments, sampling times and varieties, were 
in factorial combinations (used in test C) 
Source df^ 
Replicat ions (r - 1) 
Main ti'eatments (OC/ - 1) 
varieties (oc- 1) 
sampling times i/3- 1) 
varieties x sampling times (oc - DijS - 1) 
iirror (r - l)(oc/3 - 1) 
Total [rocjs - 1) 
^ represents number of replications; oc , number of 
varieties; and number of sampling times. 
Table 9. Standard errors for an (A x B) factorial design 
Treatment comparison®' SE^ 
Difference between i 
two A means (2E/r^ )^ 
Difference between i 
two B means (2E/roc)^ 
Difference between 
two A means at the same level of B or i 
two B means at the same level of A (2E/r)^ 
^A denotes factorial treatment A; and B, factorial 
treatment B. 
denotes error mean square; r, number of replications; 
OC, number of A treatments; and S , number of B treatments. 
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When samples were harvested only once for chemical 
determinations, analysis followed the conventional method for 
a randomized complete block. The least significant differ­
ence was calculated as the product of the appropriate t-value 
and standard error. 
Test D 
Test D was a central composite rotatable design for 
three variables as described by Cochran and Cox (1957). The 
three variables used and the range explored for each in this 
test were as follows: (a) nitrogen, 0 to 600 pounds per 
acre; (b) pH, 6.0 to 8.0; and (c) iron, 0 to 10 pounds per 
acre. In the model given in table 10, x^, X2, and x^ repre­
sent t!ie linear coefficients of nitrogen, pH, and iron, 
respectively; x^^, X2^, and x^^, the squared terms; and 
^1^2' ^ 1^3' XgX^, the cross products. The smallest 
coefficient for x^ (-1.632) was set equal to the minimum 
nitrogen applied (0 pounds) and the greatest coefficient for 
x^ (1.082) was set equal to the maximum nitrogen applied 
(600 pounds); therefore, the mid-point (x^ = 0) was equal to 
300 pounds applied nitrogen. Similar calculations were made 
for the other variables. The six replicated points at the 
center of the design (represented by pots 15 through 20) 
provide 5> or (n - 1), defrrees of freedom for estimating 
experimental error. Those points dotermino tho precision 
with which calculated yields y are made. 
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Table 10. Central composite rotatable design for three 
variables and the yields obtained in test D 
Pot 
^0 XI X2 X3 Xi2 *2^ *3^ X1X2 X1X3 *2*3 
1 1 -1 -1 -1  1  1 1 1  1  1  4.3  
2 1  1 -1  -1  1 1  1 -1  -1  1  10.9 
3 1 -1 1 -1  1 1 1  -1 1  -1  7.2 
4 1 1 1  -1  1  1 1 1  -1  -1 1|.8 
5 1 -1  -1  1  1 1  1 1  -1  -1 5.6 
6 1 1 -1 1 1  1  1  -1 1  -1  10.3 
7 1 -1  1  1 1  1  1  -1 -1  1  5.2 
8 1 1 1 1 1 1 1 1 1  1 l;.i| 
9 1 -1.682 0 0 2.828 0 0 0 0  0  4.4 
10 1 1.682 0 0 2.828 0 0 0 0  0  6 .3  
11 1 0 •1.682 0 0 2.828 0 0 0  0  12.1 
12 1 0 1.682 0 0 2.828 0 0 0  0  3.5  
13 1 0  0 •1.682 0 0 2.828 0 0  0  6.i| 
14 1 0  0  1.682 0 0 2.828 0 0 0  5.5  
15 1 0  0 0 0 0 0 0 0 0 7.3  
16 ] 0 0  0 0 0  0 0  0 0 7.7  
17 1 0 0  0 0 0 0 0 0 0 6.9 
18 1 0 0  0 0 0 0 0 0  0 6.1 
19 1 0  0  0  0 0 0 0 0 0 6.9 
20 ] 0  0  0 0 0 0 0 0 0 6.5  
^Yields in grams dry matter per pot. 
Calculations necessary before the sums of squares could 
be calculated were as follows: 
1. The sum of products denoted by (Oy), (ly), (2y), etc., was 
formed by multiplying the x coefficient by the y values 
(table 10) and summing the products. 
2. Regression coefficients were computed directly by using 
values of (Oy), (ly), etc., and the following equations: 
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bo = 0.166338(0?) - 0.056791 Z: (liy) 
bi = 0.07322l|(iy) 
= 0.062500(liy) + 0.006889 IE (liy) - 0.056791(0?) 
bij = 0.125000(1jy) 
3. The quantity Z (liy) was found by adding the cross 
products of all the squared terms with y. 
Sums of squares were calculated as follows: 
k 
b?(iy) = first order term sum of squares, 
i = 1 k 
b (Oy) + ^ b,,(lly) + ^ b,.(ljy) - G^/N = second order 
1 = 1 i > j •' 
term sum of squares when G = grand total of y and N = number 
of points in the design. 
k k 
(y)2 _ ( ^  y)^/n = total sum of squares where n = 
1 = 1 1 = 1 
number of observations. 
m m 
(y^)^ - ( ^  Vm)^/^ ~ ®rror sum of squares where m = 
1 = 1 i = l' 
number of observations of the central point treatment. 
The sum of squares for lack of fit was obtained by sub­
traction: total sun of squares - first order term sum of 
squares - second order term sum of squares - error sum of 
squares = lack of fit sum of squares. 
The analysis of variance was as follows: first order 
terras had 3 degrees of freedom, second order terms, 6, lack 




A completely randomized design was used for this test. 
The treatments used before the first harvest had been ran­
domly assigned to each pot and after the first harvest all 
pots received another treatment to eliminate any potential 
carryover effect of the initial treatments. The second 
treatments were randomly assigned to pots before the second 
harvest and no distinction was made regarding the first 
treatment. In reality test E was composed of two distinct 
and different tests, both of which were completely randomized. 
Treatments were in factorial combinations. The analysis of 
variance was computed according to table 11 . 
Table 11. Analysis of variance for completely randomized 
design with treatments in factorial combinations 




time of harvest 
ix'uii A i/liriB ui iiâi veal 
Error 
Total 
^r represents number of replications; OC , number of iron 
treatments: and A , number of times of harvest. 
1)  
(oc - 1) 
(^- 1) 
/ 1 \ ^ \ 
JL. t \ - a,/ 
[voce - 1) - (OC/? - 1) 
{voo£ -  1 )  
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RESULTS AND DISCUSSION 
The growing crops were examined periodically throughout 
the season and observations were recorded which were thought 
to be important in helping to explain the results which were 
obtained. Data were analyzed by means of the P-test in the 
analysis of variance and where significant differences were 
present, the appropriate least significant difference (LSD) 
was calculated. The S percent level of significance was 
accepted as the "significant" level and the term "highly 
significant" is used if the P-test indicated that differences 
were significant at the 1 percent level. Variability was 
higher than desired in all these tests; but this is a common 
occurrence in the semi-arid region where, although soils may 
appear uniform on the surface, micro-topographic and micro­
climatic differences may affect the accumulation of moisture 
and/or the mineralization of certain plant nutrients. 
Irrigated Test A 
Plant samples representing treatment extremes were 
selected from those taken at intervals during the season and 
analyzed for nitrate nitrogen, the constituent of major con­
cern in this study. All samples taken on 6 August were ana­
lyzed for calcium, potassium, phosphorus, manganese, and Iron 
content as well as for nitrate nitrogen. Yield harvests were 
made when sudangrass averaged to 30 Inches in height. 
Soil variability was extremely large on this test because the 
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area had been leveled in 1958 for basin irrigation. Repli­
cations were placed so as to reduce this variation as much 
as possible but it was impossible to eliminate it. Replica­
tion one was placed on the east side of the basin where soil 
had been disturbed the least and replication three was placed 
on the west side where 12 to 15 inches of soil had been re­
moved. Replication two was in the center where conditions 
were intermediate. This effect of leveling for basin irri­
gation had been evident each year since the basin was con­
structed. It was known that there was a marked soil gradient 
across this border but this condition offered excellent 
opportunity for observing progressively more severe chlorosis. 
As the sudangrass emerged, it became evident that stands 
were affected by both the high rates of nitrogen applied and 
the high soil pH which was present on replications two and 
three. Good stands were obtained on replication one but 
stands were much poorer on the other two replications. Plant 
growth throughout the season reflected this soil difference 
because growth was excellent on replication one and was pro­
gressively poorer on replications two and three. Iron chlo-, 
sis developed early on the sudangrasses growing on replica­
tions two and three. The first foliar iron spray was applied 
when plants were small but hall destroyed most of the above-
ground parts shortly after the spray was applied. It was 
felt that any beneficial effect of the foliar iron spray was 
negated by this hail; but because of the possibility that 
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soluble iron might have entered the plant before the hail or 
it might have been leached into the root zone by water, no 
supplemental iron spray was applied to the first growth. 
After the first yield harvest the regrowth on replica­
tions two and three were moderately to severely chlorotic. 
Regrowth on replication one was slightly chlorotic. IVheeler 
was more chlorotic than Greenleaf, especially on replications 
two and three. The foliar spray applied to sudangrass re­
growth reduced but did not eliminate the chlorosis which had 
developed. 
No effect of applied nitrogen was observed which was 
unusual because normally irrigated sudangrass or sorghum 
responds well to additional nitrogen fertilizer. The basin 
had produced a crop of barley the year before this test was 
established and a second crop of barley had been planted the 
previous fall but it winterkilled completely. Although no 
uniform fertilizer treatment had been applied to the barley, 
it was possible that enough nitrogen had been mineralized 
since the preceding crop had been harvested to prevent nitro­
gen deficiency symptoms from appearing on the sudangrass. 
Nitrate nitrogen content 
The nitrate nitrogen content of sudangrass sampled 
throughout the season was significantly affected by applied 
nitrogen, applied iron, sampling dates, and varieties grown. 
Average percent nitrate nitrogen in the sudangrass sampled 
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on each date is given in table 12 and the analysis of vari­
ance for these data is in table I3. Plants containing high 
nitrate nitrogen amounts did not appear different from those 
with lesser amounte except when the latter were so deficient 
as to show nitrogen deficiency symptoms. In this test nitro­
gen deficiency symptoms were exhibited only late in the 
season on plots which had received no nitrogen fertilizer. 
Because no external criteria were found which were related 
to high nitrate nitrogen content, interpretation of data in 
table 12 relies heavily on statistical analysis. P-values 
obtained in the analysis of variance indicate that differ­
ences due to nitrogen, iron, and varieties were highly sig­
nificant whereas those due to sampling dates were signifi­
cantly different. There was no significant interaction 
which is interpreted as indicative that each treatment 
affected the nitrate nitrogen content of the sudangrass in 
an independent manner. The nitrogen x iron interaction 
P-value approached the significant level which may indicate 
that, if more precision could be developed in testing meth­
ods, it might be possible to find a significant interaction 
between these two treatment combinations. 
Plant stands were not uniform in this test but, while 
undesirable in that yields were erratic, this was felt not 
to adversely affect sudangrass composition since samples 
could be obtained from small areas which had good stands. 
These areas were usually too small to permit yield harvests 
Table 12. Percent nitrate nitrogen in dry plant tissue, irrigated test A 




9 July 16 July 30 July 6 Aug 13 Aug 
800 avg 0 800 avg 800 avg 0 800 avg 0 8OO avg 
Greenleaf: 
0 .190 .306 .2k8 .183 .29k. .238 
2 .250 .325 .288 .258 .292 .275 
avg .220 .315 .268 .220 .293 .257 
Wheeler: 
0 .121+ .262 .193 .115 .254 .184 
2 .211 .272 .2U2 .128 .255 .192 









.208 .312 .260 
.126 .263 .194 
.167 .288 .227 
259 .307 .283 
336 .354 .345 
297 .330 .314 
,094 .304 .199 
,188 .307 .248 
,141 .306 .223 
Iron 
2 avg 
.137 .240 .188 .059 .287 .173 
.203 .362 .282 .203 .351 .277 
.170 .301 .236 .131 .319 .225 
.048 .248 .148 .016 .182 .099 
.184 .292 .238 .150 .249 .200 
.116 .270 .193 .083 .216 .149 
Sampling date 
,226 .293 .260 
.165 .224 .194 












LSD, nitrogen = 0.040, iron = 0.040,  sampling dates = O.O63,  varieties = 0.029, 
varieties at the same level of nitrogen or iron = 0.042, varieties at the 
same sampling date = 0.066, nitrogen or iron for the same or different 
varieties = 0.041, sampling dates for the same or different varieties 
— 0.065 
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Table 13* Analysis of variance for percent nitrate nitrogen 
in dry plant tissue, irrigated test A 
Source df MS P 
Replications 2 0.0776 13.17** 
Main treatments 19 
(1) 
0.0375 6.37** 
nitrogen 0.4340 73.66*-^ 
iron (1) 0.1194 20.26** 
sampling dates (W 0.0224 3.81* 
nitrogen x iron (1) 0.0195 ' 3.31 
nitrogen x sampling dates (W 0.0051 0.86 
iron X sampling date w 0.0068 1.15 
nitrogen x iron x sampling dates (1+) 0.0007 0.12 
Error A 38 0.0059 
Varieties 1 0.1289 20.38"* 
Varieties x main treatments 19 0.0031 0.49 
Error 3 l|0 O.OO63 
Total 119 
"'^Significant at 1 percent level. 
"Significant at 5 percent level. 
of uniform stands, however. 
In order to visualize better the changes in nitrate 
nitrogen content of sudangrasses with time, data are plotted 
in figures 1 through 3 for both main and sub-treatment 
effects. Figure 1 shows that Greenleaf sudangrass was con­
sistently higher in nitrate nitrogen content than was Wheeler. 
These values are the overall averages for a given variety at 
the specified time and, as such, are intermediate between the 
values obtained for no iron plus no nitrogen and the values 















Percent nitrate nitrogen in two sudangrasses 
and plant height at various sampling dates in 
1968, irrigated test A 
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percent nitrate nitrogen found on 30 July as compared to 
that on 16 July was the result of regrowth which was sampled 
on the latter date, regrowth which was less mature than the 
original growth sampled on 16 July. The nitrate nitrogen 
content of plants declined with maturity as indicated in 
figure 1. 
Figure 2 shows how the levels of nitrate nitrogen in 
both sudangrass varieties at the extreme nitrogen fertilizer 
treatments varied at different sampling dates. On 30 July, 
regrowth of Greenleaf which had received no fertilizer 
nitrogen was much higher in nitrate nitrogen content than 
was Wheeler at a comparable stage of growth. Both were 
lower in nitrate nitrogen content at all sampling dates than 
their fertilized counterparts. 
Regrowth of Wheeler declined in nitrate nitrogen content 
at about the same rate whether fertilized or not; however* 
fertilized Wheeler continued to have a much greater nitrate 
nitrogen content than unfertilized Wheeler. Greenleaf re­
acted somewhat differently. When fertilized at high rates 
of nitrogen, the nitrate nitrogen content of the plant tissue 
remained at "hign levels, whereas, although the nitrate con­
tent of regrowth from unfertilized plots was high shortly 
after regrowth began, it declined more rapidly than the 
nitrate nitrogen content of Wheeler under comparable treat­
ments. It should be pointed out that, while applied nitrogen 













8-13  8-6 7-30 
sampling dates ' 
Figure 2. Percent nitrate nitrogen in two sudangrasses and 
plant height at various sampling dates in 1968, 
Irrigated test A 
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nitrate nitrogen content of both unfertilized sudangrasses 
remained above the potentially toxic level of 0.07 percent 
suggested by Hanway et al. (1963). Cattle and sheep grazed 
nearby sudangrass with no apparent ill effects so that, in 
this instance, the toxic level of 0.35 percent nitrate 
nitrogen, as given by Bradley et al. (19)4.0), appears to be 
a more realistic value. 
Figure 3 shows that applied iron increased the nitrate 
nitrogen content of sudangrass tissue. It was anticipated 
that the second application of iron would have more effect on 
the physiology of the plants than the first since hall had 
stripped most of the leaves from the young plants shortly 
after the first iron application was made. This defoliation 
would have prevented the first Iron application from having 
much effect unless (a) absorption and translocation of iron 
occurred before the hall or (b) the chelated iron was leached 
into the root zone and subsequently absorbed by the roots. 
Examination of the data from plots which received the large 
nitrogen application reveals no difference in nitrate nitro­
gen content due to applied iron until 30 July and later, 
indicating an effect was produced by the second iron 
application but not by the first. 
Data from plots which received no nitrogen fertilizer 
show that the nitrate nitrogen content of sudangrass which 
received 2 pounds of iron was higher than that which received 
no iron, irrespective of sampling date. If the effect of the 
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Percent nitrate nitrogen in sudangrass as 
influenced by applied iron and nitrogen at 
various sampling dates in 1968, irrigated test A 
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firsh application of iron was negated by hail, as indicated 
previously, the nitrate nitrogen content of the no nitrogen 
plots (both 0 and 2 pounds iron) should be equal until the 
second iron application was made. Such -was not the case, as 
shown in figure 3* For some unknown reason the nitrate 
nitrogen content of sudan^rass which received the initial 
iron spray was hiher than that for comparable no-iron plots. 
If trie observed differences on 9 and 16 July for the no-
nitrogen treatments are due to the first Iron application, 
then the hi,rh nitrogen treatments should also differ by a 
similar amount. Since they do not, the author assumes that 
the first iron application had no effect and the differences 
observed on 9 and 16 Ju 1 y for 0 and 2 pounds iron with no 
nitroren an due to unknown factors, i^ven if this beginning 
discrepancy is unexplained, it anpears that the second appli­
cation of iion produced an ufCoct on the no-nitrogen plots 
which was similar to that produced on the high nitrogen 
plots, i.e., iron applied to regrowth caused it to maintain 
its high nitrate nitrogen content longer than when no iron 
v.as applied. 
The second iron application was made to the regrowth 
after the first yield cutting had been made. This second 
iron application resulted in less decline in nlti'ate nitrogen 
than where no iron was applied, a result just opposite of 
what !iad Loen c;:po ';tod. It haH boon thought that chlorotic 
; laat, lining abnormal, would bo higher in nitrate nitrogen 
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than normal plants as a result of restricted photosynthetlc 
activity. Apparently the photosynthetlc activity of the 
chlorotic plants was adequate so that this factor did not 
limit conversion of nitrates to amino acids and proteins. 
It may be that adding soluble iron increased the roots' 
ability to absorb nitrates from the soli; this in turn could 
result in a greater nitrate nitrogen content in normal plants 
than in chlorotic ones. 
Sudangrass is characteristically high in nitrate nitro­
gen. Only when no iron and no nitrogen was applied did the 
nitrate nitrogen content of the sudangrasses decline to a 
level considered safe by Hanway e_t (1963) and even then 
it reached this level only when the second growth was tall 
enough for harvest in mid-August. 
Samples frori all plots taken on 6 August 1968 were 
analyzed for nitrate nitrogen, calcium, potassium, phosphorus, 
manganese, and iron. The percent nitrate nitrogen of the dry 
plant material is given in table Di and the analysis of 
variance in table 15. Differences due to applied nitrogen 
and to varieties were highly significant. The effect due to 
applied iron was not significant on this date of sampling, 
but it was found to be significant at other times during the 
season when applied iron increased the nitrate nitrogen con­
tent of sudangrass (see table 12 and figure 3), With in­
creased precision iron probably would have significantly 
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Table llj.. Percent nitrate nitrogen in dry plant tissue 
on 6 August 1968, irrigated test A 
Pounds Pounds nitrogen applied 
iron 
applied 0 50 100 200 1|00 300 avg 
Greenleaf: 
0 .137 .130 .231 .223 .331 .240 .215 
1 .126 .205 .213 .252 .368 .314 . 246 
2 .203 .261 . 166 .362 .367 .362 .207 
avg .155 .199 .203 .279 .355 .30$ .250 
Wheeler : 
0 .048 .210 .178 .294 .296 .248 .212 
1 .121 .194 .23S .194 .317 .261 .220 
2 .1811 .049 .139 .332 .287 .292 .214 
avg .118 .151 .184 .273 .300 .267 .216 
Averages of varieties : 
0 .092 .170 .20$ .258 .314 .2bb .214 
1 .12i| .200 .224 .223 .342 .280 .234 
2 .194 .155 .152 .347 .327 .327 .250 
avg .136 .175 .194 .276 .328 .286 .232 
LSD, S%, nitrogen = 0.057> varieties = 0.020, varieties at 
the same level of nitrogen = 0,030, nitrogen for 
the same or different varieties = 0,07^ 
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Table 1$. Analysis of variance for percent nitrate nitrogen 
in dry plant tissue on 6 August 1968, irrigated 
test A 
Source df MS F 
Replications 2 0.0184 2-33^. 
Main treatments 17 0.0370 4.68;: 
nitrogen (5) 0.1040 13.16*^ 
iron (2) 0.0120 1.52 
nitrogen x iron (10) 0.0103 1.30 
Error A 31| 0.0079 
Varieties 1 0.0316 7.90** 
Varieties x main treatments 17 0.0062 i.ss 
Error B 36 0.0040 
Total 107 
"^Significant at 1 percent level. 
affected the nitrate nitrogen content at this date, as indi­
cated by the trend, because the nitrate nitrogen content of 
sudangrass treated with the Z pound rate of iron was greater 
than that when iron was not applied in eight out of 12 com­
parisons in table llj. The nitrate nitrogen content of Green-
leaf was greater than that of Wheeler at all levels of applied 
nitrogen, but differences were not great enough at the 100 
and 200 pound nitrogen rate to be statistically significant. 
The nitrate nitrogen content of both sudangrasses increased 
with increasing rates of applied nitrogen up to I4OO pounds 
per acre, but it declined when 8OO pounds nitrogen was ap­
plied. This decline in nitrate nitrogen at the highest level 
of applied nitrogen was unexpected, but evidence indicates 
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it is a real difference, not just sampling error. Apparently 
excessive nitrogen fertilizer produced a harmful effect -which 
prevented as much nitrate nitrogen accumulation in the plants 
as occurred at lower fertilizer rates. The two highest rates 
are greatly in excess of economical applications which are 
currently being used. 
Data plotted in figure Ij. indicate G-reenleaf contained 
more nitrate nitrogen than Wheeler at all levels of applied 
nitrogen although these differences were not significant at 
the 100 or 200 pound rate on 6 August. The minimum nitrate 
nitrogen content was obtained with unfertilized Wheeler 
sudangrass. Nitrate nitrogen content in excess of 0,3 per­
cent was not obtained until l+OO pounds nitrogen was applied. 
If 0.35 percent is accepted as a potentially toxic level, 
up to 200 pounds nitrogen could be applied without causing 
undue concern although it is possible that the 200 pound 
rate could increase the nitrate content to dangerous levels 
earlier in the season or when growth was smaller. Amounts 
greater than this are not being used by growers at the 
present time. 
Mineral nutrients content 
Plant samples harvested 6 August 1968 were ashed for 
determination of potassium, calcium, phosphorus, manganese, 
and iron. One could logically assume that factors which 
affected the nitrate nitrogen content of sudangrass might also 
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1—I r 
0 100 200 800 
pounds nitrogen applied 
Figure 1|. Nitrate nitrogen content of two sudangrasses 
fertilized at indicated nitrogen rates, 
6 August 1968, irrigated test A, averaged 
across both iron levels 
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affect the uptake of other mineral nutrients, especially if 
some were present in limited quantity. Iron in the available 
form was suspected to be present in limited quantities be­
cause iron chlorosis developed on the sudangrasses, a condi­
tion which was alleviated by applying a foliar spray of 
chelated iron. Determinations for total iron might be criti­
cized because the plants were not washed before they were 
dried. Washing leaves with a detergent solution and then 
rinsing with distilled water is a recommended practice be­
cause it reduces both the total iron content of plants and 
the variability of the test. Samples were not so treated in 
this study because the iron content was of less importance 
than nitrate nitrogen content and the latter has been found 
to change so rapidly after harvest that quick drying is 
essential. The necessity of rapid drying precluded washing 
the leaves* a time—consuming process. Results indicate that 
surface contamination probably was not excessive. Chapman 
and Pratt (1961) indicate the iron content of plants usually 
falls between 20 and several hundred ppm. In this test the 
iron content of plants averaged between 21 and 3U Ppm. If 
surface contamination had been excessive, the iron content 
should have been much greater. 
There was no indication that applied iron increased the 
iron content of the sudangrasses nor that It affected the 
concentration of other mineral nutrients which were deter­
mined. Because of this lack of effect, data given in 
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table 16 are averages of replications and iron treatments. 
P-values In the analysis of variance for parts per million 
iron were 1.21 and 69.7 for fertilizers and varieties, re­
spectively. The former is insignificant whereas the latter 
is highly significant. 
Applying nitrogen did not affect the potassium content 
of the sudangrasses significantly; however, there is an in­
dication that it increased the potassium content. If vari­
ability in the experiment could be reduced, it might be 
possible to detect an effect by nitrogen on the potassium 
content of sudangrasses. Greenleaf contained a significantly 
greater amount of potassium than Wheeler. The P-values for 
fertilizers and varieties were 0.9lj. and 21.17, respectively. 
The latter is highly significant. 
Percent phosphorus in sudangrass was unaffected by 
either applied nitrogen or varieties. There was no indica­
tion of any trend which might have been present. Experi­
mental error apparently caused the slight variations shown 
in table 16 because there is no consistency in the order 
with which they occur. When variety averages were rounded 
to two decimal places, Wheeler and Greenleaf had the same 
phosphorus content. P-values, which were calculated using 
three decimal places, were 1.07 and 0.02 for fertilizers and 
varieties, respectively. 
Varieties differed significantly in manganese content 
with Greenleaf containing significantly more than Wheeler. 
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Table 16. Minerai nutrient content of sudangrass, 6 August 
1968, irrigated test A 
Pounds nitrogen applied 
Variety 
0 SO 100 200 1^ 00 800 
Percent potassium; 
Greenleaf 2.78 2.7h 2.79 2 .31 2.87 2 .86 2.31 
Wheeler 2.48 2.67 2.51 2 .73 2.72 2 .60 2.62 
avg 2.63 2.70 2.6$ 2 .77 2.80 2 .73 2.71 
LSD, S%) varieties = 0,08 
Percent calcium: 
Greenleaf .63 .58 .58 . 61 .61 .61 .61 
Wheeler .53 .51 .50 .I|.8 .49 .50 .50 
avg 08 'Sh .5)+ .51+ .57 .55 • 56 
LSD, S%> varieties = 0.02 
Percent phosphorus: 
Greenleaf .31 .30 .30 .29 .30 .29 .30 
Wheeler .31 .31 .28 .29 .32 .29 .30 
avg ^31 .30 .29 .29 = 31 = 29 = 30 
NSD 
Ppm manganese : 
Greenle af 36 81 no 32 90 89 85 
Wheeler 77 80 76 79 8l| 8I1 80 
avg 31 31 78 81 37 86 82 
LSD, varieties = 4 
Ppm Iron: 
Greenleaf 33 28 30 33 3h 32 32 
Wheeler 22 21 2J4 2h 23 23 23 
avg 27 25 27 29 28 28 27 
LuD, !j/o, varieties = 2 
Applied nitrogen did not affect manganese content of the 
sudangrasses in a consistent manner. There was an indication 
that the two highest rates of nitrogen may have resulted in 
an increase in manganese but this trend was not apparent at 
lower rates. The two higher rates were beyond the range of 
economic feasibility so that, within the range of nitrogen 
which might be used in a practical situation, applied nitro­
gen did not affect manganese content of the sudangrasses. 
F-values for fertilizers and varieties were 0.50 and 0.32, 
respectively. 
Applied nitrogen did not affect the iron content of 
sudangrass at any level of application. Greenleaf contained 
much more iron than Wheeler and the difference was highly 
significant. P-values for fertilizers and varieties were 
1.21 and 0.60, respectively. 
because iron sprays did not affect the iron content of 
the sudangrasses, it is suggested that (a) iron applied as a 
foliar spray was removed by precipitation before it was ab­
sorbed, (b) iron applied to plants when leaves were small 
was not translocated within the plant so that when plant 
samples were taken the treated leaves represented such a 
small fraction of the total material harvested that they had 
no significant effect upon the iron content, (c) chlorotic 
leaves contained about as much total iron as non-chlorotic 
leaves so that the amount contributed by the iron spray was 
insignificant compared to the total amount in the plant, 
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or (d) surface contamination masked any true differences 
which were present. Because of the relatively low iron con­
tent found, the last possibility seemed rather remote. 
Wheeler is an earlier-maturing variety than Greenleaf, 
a factor which may have been the important one causing sig­
nificant differences in mineral nutrients. As plants mature, 
the rate of carbohydrate production increases more rapidly 
than mineral nutrient uptake, thus reducing the percentage 
of a given nutrient in plant material even though the total 
amount present may continue to Increase. Since both varie­
ties were harvested at the same time, the earlier-maturing 
Wheeler would be physiologically more mature and therefore 
would be expected to contain a lower percentage of mineral 
nutrients than the less mature Greenleaf. Both varieties 
were harvested on the same date and had experienced approxi­
mately the same rate of growth. The relative maturity of 
these varieties is not obvious unless they are allowed to 
head; however. Wheeler normally heads about one week earlier 
than Greenleaf. 
Dry plant yields 
Yields in tons per acre oven dry plant material at each 
cutting are given in table 1? and the analysis of variance 
in table l8. Highly significant F-values were obtained for 
replications, varieties, cuttings, and cuttings x varieties 
interaction. The highly significant Interaction of 
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Table 17- Yields of oven dry plant material in tons per 
acre, irrigated test A 
Pounds Pounds nitrogen applied 
iron uauo 
applied 0 50 100 200 400 800 avg 
Greenleaf: 
0 7-15 .69 .63 .75 .69 .77 •44 .  66 
8-13 1.06 1.3g 1.42 1.30 1.47 1.31 1 .32 
total 1.75 1.98 2.17 1.99 2.24 1.75 1.98 
1 7-15 .59 .83 .39 .58 .72 .43 .59 
0-13 l.Oii 1.37 1.25 1.45 1.37 1.56 1.34 
total 1.63 2.20 1.64 2.03 2.09 1.99 1.93 
2 7-15 .82  .73 .50  .71 .70 .74 .70 
3-13 1.52 1.25 1.07 1 .38 1.65 1.79 1.44 
total 2.34 1.98 1.57 2.09 2.35 2.53 2.14 
Wheeler : 
0 7-15 .67 .77 .82  .82 .86 .48 .74 
8-13 1.05 1.73 1.69 1.81 1 .98 1.63 1.65 
total 1.72 2.50 2.51 2.63 2 .84 2.11 2.39 
1 7-15 .71 .86 .70 .52 .70 .47 .  66 
8-13 1.62 1.59 1.40 1 .73 1 .70 2.06 1.68 
total 2.33 2.45 2.10 2 .25 2 .40 2.53 2.34 
2 7-15 .92 .77 .67  .92 .69 .53 .75 
8-13 1.83 1.71 1.78 1 .87 1.88 2.08 1.86 
total 2.75 2.48 2.45 2.79 2.57 2.61 2.61 
Averages of varieties and cuttings; 
Greenleaf Wheeler avg 
7-15 .65 .72 .68  
8-13 1.  37 1.73 1.55 
avg 1.  01 1.22 1.12 
LSD, 5/^, varieties = 0,19, cuttings = 0.05, cuttings at the 
same level of nitrogen = 0.12, cuttings for the same 
variety = 0.07, cuttings for the same variety and 
the same nitrogen level = 0.17, varieties for the 
same or different cuttings = 0.20, varieties at the 
same nitrogen level and the same cutting = 0.^6 
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Table l8. Analysis of variance for oven dry yields in 
tons per acre, irrigated test A 
Source df MS P 
Replications 2 3.Oiks 30.42 
Fertilizers 17 0.0180 1.83 
Error A 34 0.0991 
V arieties 1 2.5091 5.15* 
Error B 36 0.4876 
Cuttings 1 40.2831 1278.82t* 
Cuttings x varieties 1 1.2240 38.86"" 
Error C 82 0.0315 
Total 215 
'"'^Significant at the 1 percent level. 
"Significant at the 5 percent level. 
cuttings X varieties indicates the two varieties reacted 
diffei-ently to cutting. Data In table 1? show that Wheeler 
exceeded Greenleaf in total dry matter produced at both 
cuttings but the second cutting of Wheeler was much greater 
than the comparable Greenleaf cutting. The difference be­
tween cuttings, which was found to be highly significant, is 
probably of little concern because sudangrass has a natural 
tendency to tiller after it has been cut. If moisture and 
nutrients are not limiting, this greater tillering of the 
regrowth normally results in more dry matter production than 
occurred in the original growth. 
The effect of fertilizers, either nitrogen or iron, 
could not be detected in this experiment because of the low 
precision obtained with erratic stands. Nitrogen usually 
increases yields of nearly all crops grown under irrigation 
in the area. The effect of nitrogen was evident in this 
study because plots which did not receive fertilizer nitrogen 
showed symptoms of moderate nitrogen deficiency on the re-
growth. No indication of nitrogen deficiency was apparent 
on the initial growth of any plot or on the regrowth of any 
plot which had received some nitrogen fertilizer. There was 
no depression in yield caused by nitrogen deficiency that 
could be observed in the field, however. Iron applied to the 
regrowth alleviated but did not eliminate the iron deficiency 
symptoms which were present. Correcting the iron deficiency 
did not result in an increase in plant growth. The height 
of plants on replications two and three was much less than 
that on replication one. Soil pH may have been so high on 
these two replications as to produce a detrimental effect on 
growth even when chlorosis was controlled and nitrogen was 
adequate. This point is discussed later when the greenhouse 
test D is evaluated. 
Yields obtained from this test were extremely low be­
cause stands were erratic and growth was depressed on the 
highly calcareous soil even when fertilized with nitrogen and 
iron. No uniform fertilizer treatment was made because other 
experiments in previous years on similar soils have failed to 
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show any crop response to applied phosphorus or potassium. 
Zinc has been a minor problem on corn but not on sorghum. 
In fact, zinc applied to sorghum often depressed the growth 
rather than stimulated it. 
Fallow Test B 
Excellent stands were obtained on all plots in this 
test. Hail severely damaged young plants in June but they 
recovered with no permanent damage evident. Early growth was 
uniform over the test area and there was no indication of any 
deficiency. All plots showed drought stress before the first 
yield harvest and regrowth was very restricted because of 
moisture deficiency. Plants in the south one third of the 
test area showed drought symptoms sooner than plants in the 
rest of the area, indicating non-uniformity of stored mois­
ture over the test area. This variability due to uneven 
moisture storage during the fallow season is common, but it 
is difficult to detect before a test is planted. There were 
no surface features or obstructions which obviously affected 
snow catch over winter but uneven snow catch probably caused 
the differences in moisture noted. 
Sudangrass is a drought-enduring crop as it becomes 
almost dormant during times of severe moisture stress. The 
leaf area produced is greatly restricted by drought and 
plants have a tendency to head sooner than they normally 
would. This is a physiological modification by the plant in 
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an attempt to sot seed before drought kills it. Regrowth 
attempted to head when it was only about 12 inches tall in 
this test. 
Iron chlorosis developed on regrowth of both varieties 
but was more severe on Wheeler than on Greenleaf. The second 
iron spray alleviated chlorotic symptoms but did not elimi­
nate them. A series of sprays using a more dilute mixture of 
the chelated iron probably would have been more effective 
than the fewer, more concentrated sprays which were used. 
Samples representing treatment extremes were selected 
from those collected at regular intervals throughout the 
season and analyzed for nitrate nitrogen. In addition, all 
samples taken on 5 August 1968 were analyzed for potassium, 
calcium, phosphorus, manganese, and iron as well as for 
nitrate nitrogen. Four sets of samples were taken at i^-hour 
intervals starting at 6 AM on 3 July and analyzed for-
nitrate nitrogen content. Two yield cuttings were made 
during the season to measure dry matter production, the first 
on 15 July when plants were approximately 30 inches tall and 
the second on 5 August when plants were about a foot tall 
and heading because of moisture stress. 
Diurnal fluctuations in nitrate nitrogen content 
Samples collected at [^.-hour intervals on 3 July 1968 
were analyzed to determine how nitrate nitrogen content 
varied during daylight hours. Data obtained are given in 
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table 19 as averages over all replications and the analysis 
of variance is in table 20. Applied nitrogen significantly 
affected the nitrate nitrogen content of sudangrass; applied 
iron did not. The potential effect of iron application may 
not have been realized because the first foliar iron applica­
tion had been made shortly before hail stripped nearly all 
leaves from the young plants, thus reducing or eliminating 
any potential benefit from that application. 
Varieties differed in their nitrate nitrogen content in 
a highly significant manner; however, the interaction between 
varieties and nitrogen was not significant, indicating both 
varieties reacted in the same way toward applied nitrogen. 
The nitrate nitrogen content of sudangrass varied with 
time of day in a highly significant manner, indicating that 
samples should be harvested at the same time each day if 
diurnal fluctuations are to be minimized. Diurnal fluctua­
tion in nitrate nitrogen had been anticipated so that all 
samples except those collected for the purpose of determining 
these diurnal fluctuations were collected between 9:30 and 
10:30 AM on the sampling date. The interactions sampling 
times X nitrogen, samplinp; times x varieties, and sampling 
times X varieties x nitrogen were highly significant, indi­
cating the combined effects were not simply cumulative. 
Data plotted in figure 5 show that Wheeler was consis­
tently higher in nitrate nitrogen content than Greenleaf on 
this date, irrespective of applied nitrogen. Nitrogen 
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Table 19. Percent nitrate nitrogen in dry plant material 
collected at [i.-hour intervals on 3 July 1968, 
fallow test B 
Time Pounds nitrogen applied 
sampled 
0 20 1^0 80 160 320 avg 
Greenleaf: 
6 AM .225 .229 .251 .236 .222 .240 .234 
10 AM .206 .186 .149 .191| .189 .207 .188 
2  PM .190 .230 .202 .230 .197 .217 .211 
6  PM .197 .205 .202 .212 .232 .210 .210 
avg .201; .212 .201 .218 .210 .218 .211 
Wheeler; 
6 AM .251 .28I4 .265 .277 .267 .279 .270 
10 AM .236 .240 .198 .228 .232 .282 .236 
2 PM .221 .243 .250 .254 .253 .258 .247 
6 PM .216 .232 .21* .237 .270 .253 .211-2 
avg .231 .250 .239 .249 .256 .268 .249 
Averages of varieties: 
6 AM .238 .256 .258 .256 .21+1; .260 .252 
10 AM .221 .213 .17U .211 .210 .2i|k .212 
p PM .206 ,236 .226 .  2k 2  .225 .238 .229 
6 PM .206 .218 .223 .221; • 251 .232 .226 
avg .218 .231 .220 .233 .232 .244 .230 
LSD, nitrogen = 0.017, varieties = 0.006, sampling times 
= 0.002, varieties at the same level of nitrogen = 
0.015, nitrogen for the same or different varieties 
= 0 .020, sampling times for the same level of 
nitrogen = 0.00^, sampling times for the same 
variety = 0,002, sampling times for the same level 
of nitrogen and the same variety = 0.006, varieties 
at the same level of nitrogen and the same sampling 
time = 0.016, varieties at the same or different 
sampling times = 0.002, nitrogen at the same or 
different sampling times = 0.017, nitrogen for the 
same variety and the same sampling time = 0.021 
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Table 20. Analysis of variance for nitrate nitrogen in dry-
plant material collected at l|-hour intervals on 
3 July 1968, fallow test B 
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^"Significant at the 1 percent level. 
"Significant at the 5 percent level. 
applied as fertilizer increased the nitrate nitrogen content 
of both varieties. Also both varieties, whether fertilized 
or not, declined in nitrate nitrogen content during the day 
as was expected. Nitrates continue to be absorbed during 
nighttime when there is no photosynthesis so that early 
morning should be the time of maximum nitrate content. The 
nitrate nitrogen content of Greenleaf fertilized at 320 
pounds nitrogen per acre declined more rapidly than other 


















Greenleaf, • 0 N 
Greenleaf, 320 N 
Wheeler, G N 
Wheeler, 320 N 
6AM 
—I 
10 AM 2 PM 6 PM 
time sampled 
Figure 5. Percent nitrate nitrogen in two sudangrasaes 
sampled at i^-hour intervals on 3 July 1968, 
fallow test B 
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significant amount between 10 AM and 2 PM. The unexpected 
increase during daylight may have been due to an Increase in 
root activity following the initial period of photosynthesis. 
An increase, whatever the cause, was evident in Greenleaf 
for all rates of applied nitrogen greater than the check. An 
increase in nitrate nitrogen in Wheeler was also detected 
between the 10 AM and 2 PM sampling times for the 1|0, 80, 
and 160 pounds nitrogen rate but not for the check or the 
320 pound rate. 
Plotted data using only treatment extremes show that 
nitrate nitrogen content of both sudangrasses declined 
throughout the day. An erroneous impression might be ob­
tained from these data in graph form because fertilization 
with intermediate nitrogen rates are not shown. When applied 
nitrogen varied between 20 and 160 pounds per acre, the 
sudangr-asses sampled at 10 AM were lowest in nitrate nitrogen 
seven out of eight times. The highest rate of applied 
nitrogen cannot be justified if economics are considered 
30 that, from a practical viewpoint. It might be disregarded. 
If the highest rate Is disregarded, one could conclude that 
by 10 AM the nitrate nitrogen content of fertilized Green-
leaf or Wheeler sudangrass would be about as low as it would 
get for that date. The nitrate nitrogen content of both 
sudangrasses under all fertilizer treatments was higher than 
desired so that one might seek ways of reducing the toxic 
potential before cutting sudangrass for hay or before 
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grazing it. Delaying cutting or grazing until 10 AM would 
be instrumental in reducing the nitrate nitrogen level of 
sudangrasses fertilized with nitrogen; however, delaying 
action beyond 10 AM would be of questionable value. Even 
with the greatest decline In nitrate nitrogen found, the 
amount of decrease obtained by seeking the optimum time 
would be small. 
When samples were collected for determination of 
diurnal fluctuations, local climate was typical for that 
time of year and maximum declines of nitrate nitrogen in 
the sudangrasses should have resulted. Temperature and winds 
were moderate and the sky was clear until late in the after­
noon when clouds formed. A thunderstorm about 8 PM pre­
vented sample collection at 10 PM as had been planned. This 
storm developed after the 6 PM sampling and did not have any 
influence before that time. 
Seasonal fluctuations in nitrate nitrogen content 
Samples were collected at intervals throughout the 
season and those which had received the extremes in fertil­
izer treatments were analyzed for nitrate nitrogen. The ni­
trate nitrogen content, expressed as averages over all repli­
cations, is given in table 21 and the analysis of variance 
in table 22. Sampling date, applied nitrogen, and applied 
Iron all produced highly significant differences in the ni­
trate nitrogen content of both sudangrasses. Interactions 
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Table 21. Percent nitrate nitrogen in dry plant tissue, 
fallow test B 
Pounds Pounds Sampling dates 
Iron nitrogen-






































































































































































LSD, nitrogen = 0.00$, iron = 0.00$, sampling dates = 
0.020, varieties = 0.010, varieties at the same 
level of nitrogen or iron = O.OOI4., varieties at 
the same sampling date = 0.026, nitrogen or iron 
for the same or different varieties = O.OO38 
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Table 22. Analysis of variance for seasonal fluctuations in 
percent nitrate nitrogen, fallow test B 
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iron X sampling dates 
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a-* Significant at the 1 percent level. 
Significant at the 5 percent level. 
nitrogen x iron and varieties x sampling dates were highly 
significant and the varieties x iron interaction was signifi­
cant. An interaction which is significant indicates that the 
effect produced by both factors la not the same as the cumu­
lative effect of each. If there Is no Interaction between 
treatments, the effect of one is simply additive to the 
effect of the other, resulting In an P-value of approximately 
unity for the Interaction. The interaction varieties x 
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nitrogen exhibited less variability than expected for two 
Independent factors because, as indicated in table 22, the 
P-value was zero. 
The nitrate nitrogen contents of Greenleaf and Wheeler 
varieties at various sampling dates are plotted in figures 6 
and 7> respectively. Both varieties declined in nitrate 
nitrogen content as they approached maturity but the decline 
was more rapid for Wheeler than for Greenleaf. When no 
nitrogen was applied to Greenleaf, the application of 
2 pounds of iron had no significant effect upon nitrate 
nitrogen accumulation until 5 August. In the previous week 
(29 July) the nitrate nitrogen content of plants which had 
received 2 pounds of iron was greater than that of plants 
which had received none. Only once did this occur with 
Greenleaf and, as the difference did not quite reach the 
significant level, this difference was attributed to experi­
mental error. By $ August when plants were under severe 
moisture stress, the nitrate content of plants which had re­
ceived no iron was significantly greater than that of plants 
to which iron had been applied. The magnitude of this 
difference was reduced on the 2 September sampling date, 
but it still was great enough to be statistically signifi­
cant. The increase in nitrate nitrogen content noted on 
< August may have been caused by the drought which had 
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Percent nitrate nitrogen in Greenleaf sudanerass as affected 
by sampling date, nitrogen, and iron, 1968, fallow test B 
(T-
O N ,  0  F e  
320 N, 0 Fe 
O N ,  2  F e  
320 N, 2 Fe 
20 ® 
10 -p first growth regrowth 
7-3 7-22 7-29 
sampling dates 
Figure 7- Percent nitrate nitrogen in ifl/heeler sudangrass as affected by 
sampling date, nitrogen, and iron, 1968, fallow test B 
98 
nitrate nitrogen content occurred between 5 August and 2 
September. Samples on the latter date were taken two days 
after a rain, an interval of time which may have been long 
enough that the plants were able to resume their normal phys­
iological activity thus reducing the nitrate nitrogen 
content. 
Applied nitrogen increased the nitrate nitrogen content 
of Greenleaf sudangrass at each sampling date except the 
first, when the combined iron plus nitrogen treatment 
produced slightly less than any other treatment combination. 
Addition of iron to plots receiving the high nitrogen treat­
ment had the net effect of reducing accumulated nitrate 
nitrogen in Greenleaf sudangrass at all sampling dates. A 
reduction in accumulated nitrate nitrogen as a result of 
adding iron was anticipated before the test was initiated 
because adding iron should reduce the iron chlorosis and 
thereby allow the plants to function normally; however, such 
a reduction did not occur in irrigated test A, which has 
been discussed previously. It appears that added iron pre­
vented an increase in nitrate nitrogen, either with or with­
out added nitrogen, when plants were severely stressed by 
lack of moisture on 5 August. On this date the nitrate 
nitrogen content of Greenleaf which had been fertilized with 
nitrogen but not iron increased greatly over the previous 
week whereas Greenleaf which had received both nitrogen and 
Iron had about the same level of nitrate nitrogen as it did 
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the previous week. 
Results obtained with Wheeler, in general, were similar 
to those obtained with Greenleafj however, there were some 
exceptions. When no nitrogen was added, adding iron In­
creased the nitrate nitrogen content of Wheeler on six of 
seven sampling dates. This difference was particularly 
noticeable on 5 August when the nitrate nitrogen content of 
Wheeler which had received no nitrogen was much greater where 
iron had been applied than where it had not. An increase in 
nitrate nitrogen content of Wheeler on 5 August may have re­
sulted from the increasing moisture stress imposed on it at 
that time but the increase attributed to applied iron is 
unexplained. When Wheeler was fertilized with nitrogen, the 
addition of iron resulted in a decreased nitrate nitrogen 
content on six of seven sampling dates. Results obtained 
indicate the first iron application may have had some effect 
even though most of the leaves had been severely damaged by 
hail. Moisture stress on 5 August resulted in a much greater 
increase in nitrate nitrogen where no iron had been added to 
high nitrogen plots than where it had been added. 
In general, the nitrate nitrogen level in both sudan-
grass varieties declined throughout the season except when 
moisture stress became severe. Adding nitrogen as a fertil­
izer increased the nitrate nitrogen content of both sudan-
grasses whereas adding iron to high nitrogen treatments 
decreased the nitrate nitrogen content; however, the decrease 
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which was due to added iron on the high nitrogen plots was 
Insufficient to reduce the nitrate nitrogen content to a 
level comparable to that obtained when no nitrogen had been 
added. Recovery from increased nitrate nitrogen accumula­
tions due to drought was apparently rapid because the nitrate 
nitrogen level of both sudangrasses declined two days after 
a rain to levels comparable to those present before severe 
moisture stress was imposed on the plants. 
The nitrate nitrogen content of both sudangrasses was 
high throughout the season; only once, late in the season on 
unfertilized Wheeler, did the level of nitrate nitrogen drop 
as low as 0.07 percent. At no time did the content of ni­
trate nitrogen reach 0.35 percent although it was in excess 
of 0.30 percent early in the season when fertilized with 
320 pounds of nitrogen. 
Drought produced a cessation of growth by K August so 
that weekly sampling was discontinued. Rain in the latter 
part of August wet the surface soil and samples were collect­
ed on 2 September to see what effect it had on nitrate nitro­
gen content within the plants. Results indicate the rain 
allowed the plants to function again normally so that the 
high nitrate nitrogen content present on 5 August declined 
rapidly. Apparently the roots did not absorb excessive 
quantities of soil nitrate upon becoming functional again; 
or if they did, the excess was metabolized within the plant 
in less than two days after the rain. 
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Nitrate nitrogen content rn $ August 
Samples from all plots were analyzed for nitrate nitro­
gen on 5 August, not Just treatment extremes as had been 
done on most of the regular sampling dates. Data obtained, 
given as averages of all replications, are in table 23; and 
the analysis of variance is in table 2I4.. Samples harvested 
on this date differed in a highly significant manner due to 
varieties, applied nitrogen, and iron. The interaction 
nitrogen x iron was significant, indicating non-additivity 
of these two treatment effects. There was no indication that 
the varieties x main treatments interaction was significant 
30 that all three levels of iron were averaged to obtain 
points plotted in figure 8. 
Wheeler was consistently lower in nitrate nitrogen con­
tent than Greenleaf although amounts in both were directly 
related to applied nitrogen. Variety totals were averaged 
to obtain data plotted in figure 9 which indicates the magni­
tude of the interaction nitrogen x iron. At the zero nitro­
gen level the nitrate nitrogen content was the same for both 
zero iron and 2 pounds iron; however, one pound iron appar­
ently resulted in a decrease in nitrate nitrogen content. 
It is difficult to conceive why the effect of the one pound 
rate would not lie between that produced by no iron and that 
produced by 2 pounds iron. 
The trend is for nitrate nitrogen content to increase 
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Table 23. Percent nitrate nitrogen in dry plant tissue 




Pounds nitrogen applied 
20 ko 80 160 320 avg 
Greenleaf: 
.197 .148 .185 .166 
1 
.078 .139 .196 .217 
2 .141 .080 .155 .133 
avg 
.139 .122 .179 .172 
Wheeler: 
0 .085 .093 .111 .088 
1 .012 .065 .076 .128 
2 .139 .036 .099 .054 
avg .079 .065 .095 .090 
Averages of varieties; 
0 .141 .120 .148 .127 
1 .045 .102 .136 .172 
2 .140 .058 .127 .094 





































LSD, nitrogen = O.O38, iron = 0,026, varieties = O.OI7, 
varieties at the same level of nitrogen = 0.042, 
varieties at the same level of iron = 0.029, 
nitrogen for the same or different varieties = 0.0i|8, 
iron for the same or different varieties = 0.034 
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Table 2l|. Analysis of variance for percent nitrate nitrogen 
on 5 August 1968, fallow test B 
Source df MS P 
Replications 2 0.001% 0.45 
Main treatments 17 0.0115 3-71 „ 
nitrogen (S) 0.0211 6.81** 
iron (2) 0.0130 4.19;* 
nitrogen x iron 
34 
(10) 0.0061+ 2.06" 
Error A 0.0031 
Varieties 1 0.1343 70.68** 
Varieties x main treatments 17 0.0016 0.8l| 
Error B 36 0.0019 
Total 107 
"'^Significant at the 1 percent level. 
^Significant at the S percent level. 
as nitrogen rates are increased, a trend that appears to be 
nearly linear. If regression lines were drawn, the line for 
2 pounds iron would intercept the ordinate below the point of 
interception for either zero or one pound iron. The value 
obtained for zero nitrogen and 2 pounds iron treatment is un­
accountably high. If this initial value were lower, most of 
the variability which produced a statistically significant 
interaction would disappear and the overall effects of nitro­
gen would be to increase the nitrate nitrogen content of 
sudangrass whereas the addition of Iron would reduce it. 
Such a combination of effects generally existed when samples 
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Figure 8. Percent nitrate nitrogen in two sudangrass varieties as affected by-
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Figure 9. Percent nitrate nitrogen in sudangrass as influenced by applied iron 
and nitrogen, 5 August 1963, fal3o>; test B 
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interaction, which appears statistically significant, is an 
anomaly because the interaction did not react in a consistent 
manner. The 5 percent level of significance indicates that 
if a difference as great or greater than that indicated by 
the appropriate LSD exists between treatments, the difference 
is said to be real and this statement will be correct 95 
percent of the time. There is no indication as to how fre­
quently a statistical difference is found when such a differ­
ence does not actually exist. The author proposes that the 
latter situation prevailed with the interaction nitrogen x 
iron because no consistent manner of interaction was found. 
In fallow test B, the overall effect of applied iron was 
to reduce nitrate nitrogen content of sudangrass which was 
opposite to the effect found in irrigated test A, discussed 
previously. The reason for this reversal in reaction may 
be found in soil pH. Surface soil in irrigated test A was 
alkaline with free carbonates present; also it had a very 
low organic matter content because much of the surface soil 
had been removed in leveling operations. Surface soil in 
fallow test B was slightly acid although the subsoil was 
alkaline and calcareous. If soil differences are the cause 
of this discrepancy, as proposed, applying iron to correct 
iron chlorosis in sudangrass would be more effective on 
slightly acid to slightly alkaline soils, where iron chlo­
rosis is slight to moderate, than on highly calcareous, 
alkaline soils, where iron chlorosis is usually more severe. 
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Thus, sudangrasa needing corrective measures badly would 
benefit less from applied Iron than sudangrass which needed 
only slight corrective action. 
Soil nitrate nitrogen content 
Soil samples were taken from the top foot of soil, In 
6-inch Increments, on 12 July 1968 to determine if (a) ap­
plied nitrogen had penetrated this depth, (b) the amounts 
of nitrate nitrogen present in the soil at this time were 
related to applied nitrogen, and (c) plots which had not 
been fertilized contained adequate nitrate nitrogen for plant 
growth. There was no significant effect of applied iron so 
that data given in table 2$ represents averages of all repli­
cations and iron treatments; the analysis of variance is in 
table 26. Data are plotted in figure 10 so that changes due 
to applied nitrogen can be visualized easily. 
Plots which were not fertilized with nitrogen had an 
average of 15 ppm nitrate nitrogen in the upper 6 Inches and 
10 ppm in the second 6 Inches. If each 6-inch soil layer 
contains 2,000,000 pounds, these amounts of nitrate nitrogen 
total 50 pounds per acre foot of soil, which is probably 
adequate for crop production on non-irrigated soils where 
moisture is usually limiting. Applied nitrogen and soil 
depths affected soil nitrate nitrogen content in a highly 
significant manner. The interaction between nitrogen and 
soil depths was also highly significant indicating. In this 
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Table 2^. Parts per million nitrate nitrogen in the 
surface foot of soil, 12 July 1968, fallow 
tôôt B 
Soil Founds Pounds nitrogen applied 
depth, iron 
inches applied 
20 i|0 80 160 0 320 avg 
0-6 0 11 16 25 32 54 77 36 
1 11 22 29 27 56 58 34 
2 22 Ik 22 35 63 105 44 
avg 15 17 25 31 58 8o 38 
6-12 0 9 12 13 13 14 21 14 
1 9 11 11+ 12 17 20 14 
2 13 12 9 20 21 21 16 
avg 10 12 12 15 17 21 14 
0-12 0 20 28 38 45 68 98 50 
1 20 33 43 39 73 78 48 
2 35 26 31 55 84 126 60 
avg 25 29 37 46 75 101 52 
LSD, S%y nitrogen = 8, soil depths = i|, soil depths at the 
same level of nitrogen = 16, nitrogen at the 
same or different soil depths = 10 
109 
Table 26. Analysis of variance for soil nitrate nitrogen, 
fallow test B 
Source df MS p 
Replications 2 535.62 3.71* 
Fertilizers 17 1,320.23 9.1ii."* 
nitrogen (5)  3 ,983 .66  27.59** 
iron (2) 365.73 2.53 
nitrogen x iron (10) 179.1+2 1.2li 
Error A 34 144«39 
Soil depths 1 14,375.15 154-79** 
Soil depths x nitrogen 5 2,178.44 23.46** 
Error B 53 92.87 
Total 107 
**Signiflcant at the 1 percent level. 
*Significant at the 5 percent level. 
instance, that when low nitrogen rates were applied, little 
nitrogen from fertilizer was found in the second 6-inch soil 
layer but when higher rates were applied, larger amounts were 
found there. In all instances the amounts of nitrate nitro­
gen found in the second 6-inch soil layer which were due to 
applied nitrogen were much less than in the surface 6-inch 
layer. This Indicates that little downward movement of 
applied nitrogen fertilizer occurred between application time 
before sudangrass was planted and 12 July when samples were 
taken. Precipitation was insufficient to cause much leaching 
even to the second 6-inch soil layer. 
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Figure 10, Nitrate nitrogen in the two upper 6-inch 
increments of soil on 12 July 1968, fallow 
test D 
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Soil samples taken when the test was established but 
before any fertilizer was applied indicate an average nitrate 
nitrogen content of 22 ppm which is equivalent to 88 pounds 
of nitrate nitrogen per acre foot of soil. Soil which had 
not been fertilized had $0 pounds nitrate nitrogen in the 
surface foot on 12 July, indicating a decrease of 38 pounds 
nitrate nitrogen per acre. 
Soil was moist and in good condition when ammonium 
nitrate was applied and disced into the soil before seeding 
sudangrass. Previous work by the author (unpublished) at 
this location indicated that nitrification was rapid in this 
soil if moisture was present so it was assumed that all 
ammonium had been nitrified when the samples were taken on 
12 July. Soils were not tested for ammonium, however. If 
all applied nitrogen had been converted to the nitrate form, 
then a considerable amount of that applied was unaccounted 
for at the 12 July sampling, as only 52 pei'cent was found in 
the nitrate form in the soil on that date. The amounts 
present in the soil were closely correlated with applied 
nitrogen so that failure to account for wich of the applied 
nitrogen does not invalidate results obtained concerning the 
nitrate nitrogen content of plants. 
It was concluded that (a) very little downward movement 
of fertilizer nitrogen had occurred, (b) amounts of nitrate 
nitrogen present in the soil on 12 July were correlated with 
amounts applied, and (c) even unfertilized plots had ample 
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nitrate nitrogen on the last sampling date. The last con­
clusion would indicate there is little probability of in­
creasing yields of sudangrass by the addition of nitrogen 
fertilizer when these soils have been fallowed the previous 
year. 
Mineral nutrients content 
The potassium, calcium, phosphorus, manganese, and iron 
content of plant samples harvested 5 August 1968 was deter­
mined from ashed samples to learn if the factors which 
influence accumulation of nitrate nitrogen in plants might 
also affect the content of other plant nutrients. Applied 
iron did not affect the amounts of any of the above mentioned 
nutrients in either sudangrass variety. Data given in 
table 27 are averages of three replications and of three iron 
treatments since the latter gave no indication of having any 
effect per se. 
The potassium content of sudangrass was affected sig­
nificantly by applied nitrogen; also varieties differed in 
their potassium content in a highly significant manner for 
Greenleaf contained more potassium than Wheeler. Twenty 
pounds of nitrogen seemed to result in a decreased potassium 
content of both varieties; however, these differences were 
not great enough to be statistically significant even though 
they occurred in both varieties. One hundred sixty pounds 
of nitrogen per acre produced the maximum potassium content 
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Table 27. Mineral nutrient content of sudangrass, 5 August 
1968, fallow test B 
Pounds nitrogen applied 
Variety g 20 IfO 80 160 320 avg 
Percent potassium: 
Greenleaf 2.00 1.98 1.95 2.03 2.11| 2.02 2.02 
Wheeler 1.92 1.86 1.91 2.00 2.0l| 1.85 1.93 
avg 1.96 1.92 1.93 2.02 2.09 1.94 1.98 
LSD, 5'^j nitrogen = 0.10, varieties = 0.06, varieties at the 
same level of nitrogen = 0.15, nitrogen for the same 
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LSD, 5^, varieties = 2.5 
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in both varieties. Greenleaf and Wheeler reacted similarly 
to applied nitrogen as both declined in potassium content 
upon adding relatively low amounts of nitrogen. As nitrogen 
rates increased up to 160 pounds per acre, the potassium con­
tent also increased; however, it declined at nitrogen rates 
in excess of 160 pounds per acre. Differences were not 
always great enough to be significant; but since they were 
fairly constant, they probably are real differences. 
p.values for nitrogen, iron, and varieties were 3*34, 0.73, 
and 9.30J respectively, and those for nitrogen and varieties 
were highly significant. 
The calcium content of sudangrass was not affected by 
applied nitrogen or iron but it did differ significantly 
between varieties. Greenleaf contained a greater amount 
than Wheeler. The P-values for fertilizer treatments and 
for varieties were 0.67 and 1+^.37» respectively. 
Percent phosphorus in sudangrasses was unaffected by 
either fertilizer treatments or varieties. There was a 
slight indication that increasing nitrogen applications up 
to 160 pounds per acre might Increase the phosphorus content 
of the sudangrass; however, the phosphorus content at 320 
pounds of applied nitrogen was the same as that for no 
applied nitrogen. P-values for fertilizer treatments and 
for varieties were 1.1$ and 0.00, respectively. The latter 
P-value for varieties was less than expected because both 
varieties had the same average phosphorus content. 
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The manganese content of sudangrass differed between 
varieties in a highly significant manner but it was not sig­
nificantly affected by applied nitrogen or iron. Applied 
nitrogen appears to have increased the manganese content of 
the sudangrass but, because of variability found, differences 
were not great enough to be statistically significant. It 
appears probable that if variability in the test could be 
reduced, there would be a statistically significant increase 
in manganese content as nitrogen rates increased. Greenleaf 
contained more manganese than Wheeler. P-values for fertil­
izer treatments and for varieties were 1.6lj. and 21.76, 
respectively. 
The iron content of sudangrass differed between varie­
ties in a highly significant manner but it was unaffected 
by either iron or nitrogen treatments. Applied iron chelate 
should have increased the iron content of sudangrass. That 
it did not indicates the foliar application of chelated iron 
probably was not translocated within the plant to any great 
extent. If iron was not translocated and if the iron was 
applied while leaves were small, the additional iron present 
would be very small in comparison with total Iron In the 
leaves. Greenleaf contained more iron than Wheeler; the 
difference was highly significant, The amount of Iron in 
these two varieties may help explain differences In their 
susceptibility to iron chlorosis. Wheeler contained con­
siderably less iron than Greenleaf and it is more susceptible 
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to iron chlorosis than Greenleaf. F-values for fertilizers 
and varieties were 1.28 and 29.33, respectively. 
In general, it may be concluded that varieties usually 
differ in content of potassium, calcium, manganese, and iron. 
However, it was impossible to detect differences in content 
of potassium, calcium, phosphorus, manganese, or iron due 
to applied nitrogen or iron that were statistically signifi­
cant although there was some indication that applied nitro­
gen, up to 160 pounds per acre, increased potassium content 
and that applied nitrogen, up to 320 pounds per acre, 
Increased manganese content of the sudangrasses. 
Dry matter yields 
Crop production without irrigation is a hazardous ven­
ture in the area where these tests were conducted. Cropping 
land each year results in a high rate of failure but by 
fallowing land one season usually enough moisture is stored 
in the soil profile so that crops can be produced. Yields 
are often limited by insufficient moisture even following 
fallow. When moisture is the limiting factor, additional 
fertilizer has little or no effect upon subsequent forage 
yields. 
Total yields obtained in these test are given in table 
28a and are composed of two cuttings uiadu Ouring the season. 
The first cutting was made when sudangrass was from 2l+ to 30 
inches tall, the second when plants started to head although 
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Table 28a. Yields of oven dry plant material in tons per 
acre, fallow test B 
Pounds Date Pounds nitrogen applied 
iron 
applied 0 20 1+0 80 160 320 avg 
Greenleaf: 
0 7-15 M .48 .39 .i|6 .53 .52 .47 
8-13 4^ .36 .Ui 43 • 42 .1:1 .111 
total .90 .81| .30 .89 .95 .93 .88 
1 7-15 'kS .^ 0 .1+8 .51 .1+5 .56 .1+8 
8-13 .k2 .39 .1+1+ .1+1 .1+5 .53 .1+1+ 
total .07 .79 .92 .92 .90 1.09 .92 
7-15 .1+2 .52 .1+9 .36 .1+6 .38 .1+1+ 
8-13 .1+0 .1+7 .UO .1+0 .39 .36 .1+0 
total .82 .99 .89 .76 .85 .71+ .81+ 
Averages of varieties: 
LSD, S%, varieties = 0.05 
.1+8 . 4 . .
. .41 .43 • .42 4
. 1+ .8 .0 .  .  
.1+0 4 .  4  
. •44 4 4 .
. .
. 4 . 4 .
4 40 4 .
. . . . . 4 
.54 .51 .49 « 60 .55 
.46 .59 .51 .59 .73 
.00 1.10 1.00 1.19 1.28 
.42 .54 .53 .51 .57 
.50 .60 .63 .56 .67 
.92 1.14 1.16 1.17 1.24 
.49 .51 .45 .55 •45 
• 44 .61+ .56 .48 .67 
0I3 1.07 .93 1.22 . 89  
 
.87 . 87  .86 .90 .92 
.02 i . i 4  1.03 1.19 1.14 
.94 1.00 .94 1.04 1,03 
Wheeler : 
0 7-15 .56 1+ 1+9 . .51+ 
8-13 .55 1+6 .57 
total 1.11 1 1.11 
7-15 .51+ 1+ k . .  . .52 
8-11 .62 .60 
total 1.16 11+ I I 21+ 1.12 
7-15 .1+3 4 .1+5 . . .1+8 
8-13 .52 1+8 .U1+ .55 
total .95 I 1.03 
Greenleaf .86 .88 
Wheeler I.07 1 1 11+ I 11+ 1.10 
avg .96 1+ 1+ 01+ .99 
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they were only about 12 Inches tall because of drought. 
The analysis of variance for these data is given in table 28b. 
Table 28b. Analysis of variance for oven dry yields in tons 
per acre, fallow test B 
Source df MS P 
Replications 2 0.0194 0.72 
Fertilizers 17 0.0262 0.98 
Error A 3i| 0.0268 
Varieties 1 0.5751 16.62** 
Error B 36 0.0346 
Cuttings 1 0.0021 0.49 
Error C 82 0.001+3 
Total 215 
^"Significant at the 1 percent level. 
Yields differed in a highly significant manner due to 
varieties even though there were no significant differences 
due to cuttings, nitrogen, or iron. This is interpreted to 
indicate that nitrogen and iron were not limiting yields 
even though moderate iron chlorosis developed on the re-
growth. Soil samples taken 12 July indicated that adequate 
nitrate nitrogen was present even on unfertilized plots. 
Iron chlorosis was more severe on Wheeler than on Greenleaf; 
however, Wheeler produced higher yields at both first and 
second cutting than Greenleaf so that the chlorosis noted 
on ;"/heeler apparently was not severe enough to reduce yields 
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under the prevailing climatic conditions. 
Forage yields cease increasing when moisture is no 
longer available to the plants. In this test plants ex­
hausted the soil moisture supply when regrowth was about 12 
inches tall. Plants were under severe stress before they 
reached this height. Wheeler, in particular, attempted to 
complete its life cycle under stress and produced some heads 
before regrowth ceased. Greenleaf remained in the vegetative 
stage. These different reactions under stress may be impor­
tant in explaining some of the observed differences in nutri­
ent content. Wheeler was usually lower in nutrient content 
than Greenleaf and also was usually more mature physio­
logically. 
Fallow Test C 
This test was planted on ground which had been fallowed 
the previous season and was located near test B. Five sudan-
grass hybrids, including Hor-Su, Su-1, Sudax SX5, Sweet Sioux, 
and Trudan l|, and one standard variety, Wheeler, were grown 
to compare the nitrate nitrogen and mineral nutrients con­
tent. Yields were also compared although forage yields pro­
duced when moisture is the main limiting factor often do not 
indicate the true yielding potential of a crop. Trudan I4. was 
the only true sudangrass hybrid in this test. The word 
"variety", used to describe results obtained in test C, 
Includes both hybrids and varieties. 
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Diurnal fluctuations in nitrate nitrogen content 
Samples were collected at ^^hour intervals starting at 
6 AM on 3 July 1968 for analysis of nitrate nitrogen content. 
Data given in table 29 are averages of four replications; 
the analysis of variance is in table 30. All varieties in 
this test reacted in a similar fashion, indicated by a non­
significant interaction between samplings and varieties. 
Differences among varieties were highly significant, indi­
cating a real difference between the varieties in their 
nitrate nitrogen content. Differences among sampling times 
were also highly significant, indicating that time of sam­
pling was an Important factor in the nitrate nitrogen con­
tent of the varieties. 
Data are plotted in figure 11, which shows Trudan 
the only true sudangrass hybrid in this test, to be signifi­
cantly lower in nitrate nitrogen content than other varieties 
on this date. All sudangrasses were high in nitrate nitrogen 
when sampling was begun at 6 AM; Trudan was the only one 
containing less than O.3 percent nitrate nitrogen at that 
time of day. The nitrate nitrogen content of all varieties 
declined throughout the day with the exception of Sudax SX5 
which increased slightly in nitrate nitrogen content between 
2 PM and 6 PM. There was no known reason why Sudax SX5 
should increase in nitrate nitrogen content when other 
varieties were still decreasing; however, the increase was 
small and may have been due to sampling variation. 
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Table 29. Percent nitrate nitrogen of dry plant material 
harvested at l|-hour intervals, 3 July 1968, 
fallow test C 
Variety* 6 AM 10 AM 2 PM 6 PM avg 
Mor-Su 
.351+ .28k .252 .223 .278 
Su-1 
.335 .290 .233 .221+ .272 
Sud ax SX5 
.314 .299 .258 .269 .292 
Sweet Sioux 
.351+ .292 .276 .21+7 .292 
Trudan [j. .280 .260 .211 .204 .239 
Wheeler 
.331+ .28k .252 .2i|0 .278 
avg 
.334 .286 .21+7 .234 .275 
LSD, 5/o> varieties = 0.020, sampling times = 0.016 
^•The term "variety" includes hybrids. 
Table 30. Analysis of variance for percent nitrate nitrogen 
in dry plant material sampled at If-hour intervals, 
3 July 1968, fallow test C 
Source df MS F 
Replications 3 0.007889 10.19"* 
Treatments 23 0.007976 10.30% 
varieties (5) 0.006240 8.06** 
sampling times (3) 0.047655 61.83*'=" 
sampling times x varieties (15) 0.000578 0.75 
Error 69 0.000774 
Total 95 
^^Significant at the 1 percent level. 
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.41 
Sudax SX$ — 
Trudan i; — 
Sweet Sioux — 
Su-1 
Mor-Su — 
Wheeler — — t t — 
6 AM 10 AM 2 PM 6 PM 
sampling time 
Figure 11. Percent nitrate nitrogen of dry sudangrasses 
on 3 July 1968, fallow test C 
123 
All varieties were too small to graze or harvest for 
hay when these first samples were taken so that the high ni­
trate nitrogen content may not have been important at that 
time. High levels of nitrate nitrogen indicate that this 
factor should receive attention when grazing is contemplated. 
The decline in nitrate nitrogen during the day indicates that 
the afternoon would be a better time than early morning for 
grazing sudangrass. This diurnal variation, while not ex­
cessive, might be important in determining whether or not 
sudangrasses contained potentially toxic amounts of nitrate 
nitrogen. 
Results were about as expected. The high nitrate nitro­
gen content early in the morning was the result of nitrate 
absorption by plants during the night when photosynthetic 
activity was zero. As photosynthesis increased because of 
daytime radiation, the plant's metabolism apparently in­
creased so that some of the nitrates within the plant were 
converted to other forms of nitrogen, thus causing a decrease 
in nitrate nitrogen content of plants during the daytime. 
Seasonal fluctuations in nitrate nitrogen content 
The nitrate nitrogen content of samples harvested be­
tween 9:30 and 10:30 AM during the growing season is given 
in table 31 as averages of four replications; the analysis 
of variance for those data is in table 32. 
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Table 31. Percent nitrate nitrogen in dry plant tissue of 
different sudangrass varieties, fallow test C 
Variety* Sampling date 
7-3 7-8 7-15 7-22 7-29* CD
 
avg 
Mor-Su .231| .428 .406 .319 .316 
.473 .371 
Su-1 .298 
.473 .398 .316 .385 .556 .404 
Sudax SX5 .299 .469 .397 .297 .303 .402 .361 
Sweet Sioux .292 .421 .440 • 346 .30s .460 .377 
Trudan i| .260 
.395 .424 .349 .352 .447 .371 
Wheeler .38k 
.442 .205 .200 .253 .295 
avg .286 .423 .418 .305 .310 .432 .363 
LSD, S%, varieties = O.O3I, sampling dates = 0.031, 
varieties x sampling dates = O.O76 
^he term "variety" includes hybrids. 
^Regrowth was sampled on this date. 
Table 32. Analysis of variance for percent nitrate nitrogen, 
fallow test G 
Source df MS F 




varieties 0.032160 10.91*" 
sampling dates (5) 0.115535 39.l8^!t 
varieties x sampling dates (25) 0.086445 29.31 
Error 105 0.002949 
Total 143 
^^Significant at the 1 percent level. 
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Differences in nitrate nitrogen content were highly 
significant for varieties, sampling dates, and the inter­
action varieties x sampling dates. This significant inter­
action Indicates that all varieties did not react alike 
throughout the season. The failure of all to react similarly 
is evident in figure 12. Trudan if, which was lowest in 
nitrate nitrogen content on 3 July, did not remain lowest. 
Wheeler declined in nitrate nitrogen content much more than 
the other varieties. 
The first yield cutting was made on 15 July; however, 
a portion of each plot was allowed to remain uncut so that 
samples obtained the following week were on the first growth, 
not regrowth. Regrowth was sampled on 29 July and 5 August. 
Figure 12 indicates that nitrate nitrogen content of all 
varieties increased between 3 and 8 July and that nitrate 
nitrogen content declined between l5 and 22 July, Response 
was erratic between 8 and 15 July as some varieties increased 
in nitrate nitrogen content and others declined. The decline 
noted between 15 and 22 July was probably a natural decline 
that often parallels maturity. It is not known why the 
nitrate nitrogen content increased so much between 3 and 
8 July but it is possible that the rapid root growth during 
this period enabled plants to accumulate more nitrate nitro­
gen than was possible earlier. 
Soil moisture conditions apparently were better in this 




Sudax SX5 — 





regrowth first growth 
7-8 7-15 7-22 
sampling dates 
7-29 7-3 
Figure 12. Percent nitrate nitrogen in dry sudangrasses, 
1968, fallow test C 
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later in test C than In test B. These better moisture condi­
tions could have resulted In greater nitrate nitrogen uptake 
by the plants in test C. The nitrate nitrogen content of 
all varieties, including Wheeler, was higher in test C than 
that of Wheeler or Greenleaf in test B. All varieties ex­
ceeded the 0,35 percent level, which may be considered the 
upper limit for safe feed, on two of the six sampling dates. 
8 and 15 July; all except Wheeler were above this level on 
5 August whereas Su-1 and Trudan i| exceeded this value on 
29 July so that they contained excessive nitrate nitrogen on 
four of the six sampling dates. 
The increase in nitrate nitrogen noted for all varieties 
between 29 July and 5 August was due to drought stress. 
Plants were growing very slowly at this time because of 
drought but apparently nitrate uptake continued even though 
little additional dry matter was being produced. Su-1 in­
creased in nitrate nitrogen by rather large amounts followinp 
the first yield harvest. 
Results of this test indicate that all varieties reacted 
in a manner similar to that of Wheeler during the initial 
growth period but that the other varieties declined less 
rapidly than Wheeler as they approached maturity and they 
contained significantly more nitrate nitrogen than Wheeler 
in the regrowth. Varieties, other than Wheeler, did not all 
react alike, indicating the possibility of a genetic 
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difference which might be utilized in producing varieties 
with relatively low nitrate nitrogen content. 
Mineral nutrients content 
Ashed plant samples were used to determine the potas­
sium, calcium, phosphorus, manganese, and iron content of 
samples harvested 5 August 1968 from test C. The average 
content of these nutrients in each variety grown is given in 
table 33* Wheeler was significantly lower in nutrient con­
tent of potassium, phosphorus, and iron than any other 
variety. Wheeler was also lower in manganese content but 
the differences were statistically significant only when 
compared with Sudax SX5 and Su-1. There were no signifi­
cant differences in calcium content due to variety grown. 
Samples taken on 5 August were on regrowth; all vari­
eties were showing severe moisture stress at that time. 
Wheeler produced the least dry matter at first cutting and 
the most at second cutting. If the various sudangrasses 
have approximately the same water use index, Wheeler should 
have had more moisture remaining in the soil when the first 
cutting was made. This would have enabled Wheeler to pro­
duce more dry matter for the second cutting, at which time 
Wheeler would have been physiologically more mature. The 
percentage of mineral nutrients often declines with maturity 
because nutrient uptake precedes vegetative growth. The 
difference in relative maturity probably accounted for 
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Table 33» Dry plant yields produced and the nutrient con­
tent of sudangrasses on 5 August 1968, fallow 
test C 
Variety* Yields^ Nutrient content® of 
First Seoond Total a.cond cutting 
cutting cutting K Ca P Mn Fe 
Sudax SX5 .92 .78 1.70 2.84 0.72 0.32 88 35 
Trudan i| .86 .72 1.58 2.94 0.73 0.30 78 38 
Sweet Sioux .72 .71 1.43 2.81 0.72 0.32 82 40  
Su-1 .92 .79 1.71 3.01 0.67 0.34 84 36 
Mor-Su .80 .59 1.39 2.81 0.73 0.33 79 37 
Wheeler .68 .90 1.58 2.I1O 0.67 0.28 75 25 
avg .82 • 75 1.57 2.80 0,71 0.32 81 35 
LSD, Si NSD NSD NSD 0.24 NSD 0.02 8 9 
&The term "variety" includes hybrids. 
^Yields in tons per acre oven dry material; first 
cutting 15 July and second cutting 5 August. 
^Content of K, Ca, and P is given in percent; Mn and 
Pe is given in ppm. 
differences in mineral nutrient content. 
It should be noted that Su=l, which had the greatest 
concentration of nitrate nitrogen on 5 August, had the 
greatest concentration of potassium and phosphorus of any 
variety grown in this test. Manganese content of Su-1 was 
next to greatest but its iron content was intermediate. 
Calcium content of Su-1 equalled that of Wheeler, the 
variety with lowest nitrate nitrogen content. 
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Dry matter yields 
Dry matter yields from both cuttings are given in 
table 33* Here, as in test B, inadequate moisture severely 
limited yields so that true yielding differences were masked 
by moisture stress. Variability within a test on land which 
had been fallowed the previous year is often large because 
available soil moisture varies considerably within rela­
tively short distances, presumably as a result of unequal 
snow distribution during the winter or as the result of a 
few, isolated weeds which escape destruction during the 
fallow period. No significant yield differences could be 
detected in the first cutting, second cutting, or total dry 
matter produced. Hybrid vigor is indicated at first cutting 
because all outyielded Wheeler, the only true variety in the 
test. Wheeler outyielded all the others at second cutting 
and, although differences wore not statistically significant, 
this probably occurred because more moisture remained in the 
soil under Wheeler at first cutting as Wheeler produced the 
least at that time. True yielding ability of a forage crop 
is difficult to determine when moisture is limiting because 
forages tend to grow until they deplete the moisture supply. 
When no moisture is available, growth ceases regardless of 
the genetic potential of that crop. With adequate moisture 
the hybrids would be expected to outyield standard varieties 
such as Wheeler although standard varieties often tiller more 
profusely than-hybrids after being cut. 
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Greenhouse Test D 
This test was conducted in a greenhouse to determine, 
if possible, the interrelationships between nitrogen, che­
lated iron, and soil pH as they might affect sudangrass 
growth. Wheeler was used in the test and two cuttings were 
made to obtain total yields, given in table 10. The initial 
growth was limited because plants did not tiller . After the 
initial growth was harvested, tillering occurred and plants 
grew better. It was obvious that nitrogen was the factor 
which promoted growth the most and it appeared that a high 
soil pH was detrimental to plant growth. When nitrogen 
rates were high and soil pH was low, yields were high re­
gardless of the amount of chelated iron used. When soil pH 
was the lowest (6.5), yields were high with moderate nitrogen 
applications. High yields were not obtained when soil pH 
was high .0). 
The analysis of variance for first and second order 
terms is given in table 3i+f both were highly significant as 
determined by the P-test. The lack of fit was significant 
in this test, indicating variability in yields which could 
not be adequately explained by assuming second order action. 
Although the lack of fit was significant, no other equation 
was developed so that the predicted yields y were calculated 
based on second order action. That the lack of fit was sig­
nificant indicates that predicted yields y may not represent 
the response which would be obtained at intermediate levels 
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Table 34» Analysis of variance for greenhouse test D, a 
central composite rotatable design for k = 3» 1968 
Source df MS P 
First order terms 3 17*3835 $li.32** 
Second order terms 6 5^6714 17.12' ' 
Lack of fit 5 1.8533 5.79* 
Error 5 0.3200 
Total 19 
*'""Signlficant at the 1 percent level. 
'""Significant at the 5 percent level. 
of the test variables. The author felt that graphs picturing 
the predicted yield responses would be valuable although they 
might not predict the response as accurately as desired. 
Plots of two of these response surfaces are given in figures 
13 and 11}.: Since it is Impossible to graph the responses 
for all three variables in one plane, one variable was 
selected as a constant for each graph. Iron, at 6.^8 pounds 
per acre, was selected as the constant in figure 13 so that 
the predicted yield responses at various soil pH's and 
nitrogen levels are graphed at this constant level of iron. 
This particular level of iron was chosen because maximum 
yields were obtained by varying the other two variables at 
this level of iron. 
Extrapolation of response surfaces is hazardous but 
figure 13 would seem to indicate that maximum nitrogen levels 
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Figure 13. Predicted surface response to various levels of 
nitrogen and different soil pH at a constant Iron 






































Figure li|. Predicted surface response to several levels 
tist Iron a pH of 7.0, greenhouse 
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or minimum soil pH levels for optimum yields had not been 
reached In this test. Calculated soil pH values varied from 
6.1 to 7.9 with maximum yields occurring at the lower pH. 
Nitrogen levels varied from 33 to 5^7 pounds per acre and, 
while the conversion from grama per pot to pounds per acre 
may be questioned, the effect of applied nitrogen can be 
observed to be directly correlated with plant growth except 
at high soil pH. At high soil pH, growth was depressed by 
high nitrogen rates in this test and also in test A. Reduced 
growth in these tests may have resulted from nitrite accumu­
lation in soil at high pH values. 
Figure 1)4. shows the predicted response to various levels 
of applied nitrogen and iron when soil pH is 7.0. It appears 
that either too little or too much iron would be slightly 
detrimental to yields regardless of applied nitrogen. In­
creasing amounts of applied nitrogen increased yields moder­
ately to the limit of treatments used. This figure indi­
cates applied nitrogen is much less efficient at a soil pH 
of 7'0 or above than at a lower soil pH, as seen In figure 
13. 
Greenhouse Test ii 
The greenhouse test E was composed of two distinct 
parts. In the first part, sudangrass was grown in individual 
pots which had been uniformly treated until symptoms of 
nitrogen deficiency appeared on the older leaves. When 
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nitrogen deficiency symptoms became evident, one-half of 
the pots of sudangrass were placed in a solution containing 
nitrate so that roots could absorb it directly. Triplicate 
samples were harvested at specified intervals following root 
immersion in the nitrate solution. The other half of the 
pots containing sudangrass were immersed in only water. 
Triplicate samples of these untreated pots were harvested at 
the same time as treated samples, the former serving as a 
check on nitrate nitrogen content throughout the eight hours 
of the test. 
Pots were fertilized with nitrogen and phosphorus after 
the first part of test E was concluded. Moderate chlorosis 
developed on the regrowth by the time plants were about 
2I4 Inches tall. At that time sudangrass in one-half of the 
pots was treated with a foliar spray containing an iron 
chelate and also watered with a solution containing this 
chelate. One week later, when harvest was started, plants 
were about 30 inches tall and no evidence of iron chlorosis 
was found on the treated sudangrass. Triplicate samples were 
harvested at specified intervals from both treatments to see 
if normal plants converted nitrate to other forms of nitrogen 
more rapidly than chlorotic plants. If there was a differ­
ence in rate of conversion due to chlorosis, it should be 
reflected in the rate of nitrate nitrogen decrease between 
normal and chlorotic plants. 
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Kate of nitrate uptake 
The nitrate nitrogen content of sudangrass plants grown 
in pots which had been ittunersed In a solution containing 
nitrate was compared with the content of similai' plants not 
subjected to added nitrate. Data obtained are given in 
table 35 as averages of triplicate samples, and the analysis 
of variance is in table 36. The nitrate nitrogen content of 
Fudansrass increased rapidly one to two hours after fertil­
izer nitrate was made available to the plants, as seen in 
fifrure 15. Theie was considerable variation in nitrate 
nitrogen content of plants before the applied nitrate could 
be detected; but the trend was downward throughout the day, 
the same as occurred in field tests B and C. Time zero was 
equivalent to 9 AM; 60 minutes then occurred at 10 AM. 
The initial increase in nitrate nitrogen in the plants 
observed 2 hours after treatment, was followed by a rather 
sharp decline which continued until the last samples were har­
vested at 5 PI4. This decline in nitrate nitrogen content fol­
low inr tlie initial rapid increase may have been due to condi­
tions witSiln the plant or in the soil. Plant samples taken 
before t,iiG rapid Increase in nitrate nitrogen content occurred 
had very low levels of nitrate nitrogen and plants were 
stunted, indicating that plant metabolism was probably sub-
noi'mal. absorption of nitrate nitrogen from the soil while 
the plants were functioning at a low metabolic level would 
result In a large Increase in nitrate nitrogen in the plant. 
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This increased supply of nitrogen could stimulate the meta­
bolic activity so that conversion to organic forms increased, 
causing a decline of nitrate nitrogen in the plant following 
the initial increase. If this increase in plant metabolism is 
the principal factor responsible for the decline following 
initial uptake, the decline might be expected to continue un­
til a new steady state was achieved, iiixtranolation of the 
curve indicates this steady state should be reached in a day 
or two after the initial surge. 
A rapid decline following the initial Increase such as 
occurred here might explain why the nitrate nitrogen content 
of sudangrass in test B, wliich was sampled in September two 
days after a rain, was no greater than it had been before the 
rain. Nitrate nitrogen content of sudangrass may have in­
creased sharply within hours of the rain but declined rapidly 
as plant metabolism increased. 
Soil conditions may also have affected the dccline noted 
following the initial increase in nitrate nitrogen content. 
Watering the plants by placing pots in a tray of water changes 
the soil environment drastically. That portion of the soil 
which was below the free water level or in the capillary frinro 
would become saturated so that oxygen would not be available 
to loots or microorganisms for respiration. This would de­
crease the activity of the roots and result in a decrcaso in 
the metabolic uptake of nutrients such as nitrate nitrogen, 
anaerobic conditions in the soil could also result in 
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Table 35• Percent nitrate nitrogen in dry plant material, 
rate of nitrate uptake, greenhouse test E 
Sampling time, minutes 
Treatment 
0 5 10 15 30 60 120 21+0 l|80 
Nitrogen added .029 .028 .037 .026 .029 .026 .094 .070 .059 
None added .03% .Oi+0 .033 .035 .030 .029 .028 .030 .027 
LSD, 5%j nitrogen = 0.005, sampling times = 0.011, 
nitrogen x sampling times = 0.016 
Table 36. Analysis of variance for rate of nitrate uptake. 
greenhouse test E 
Source df MS P 
Treatments 17 0.000998 10.6?** 
nitrocen (1) 0.001968 20.94;* 
sampling times (8) 0.000733 7.79;: 
nitrogen X sampling times (B) 0 .0011i|2 12.04*^ 
Error 36 0.000091+ 
Total 53 
'^"Significant at the 1 percent level. 
denitrIfication of the nitrate by soli microorganisms when 
oxygon was not available because of excess water in the soil, 
l&lther of these phenomena would result in a decline of nitrate 
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Percent nitrate nitrogen in sudangrass harvested at intervals 
following treatment with fertilizer nitrogen as compared to 
nitrate nitrogen content of untreated material, greenhouse test E 
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A decline in nitrate nitrogen content because of de­
creased root metabolism might be temporary as metabolic up­
take would again increase when the soil was no longer satur­
ated. A decline due to denitrification could be permanent 
because the nitrate nitrogen would no longer be available for 
absorption by plants even when soil was no longer saturated. 
The decline in nitrate nitrogen content of the sudangrass 
probably was the result of the combined effects mentioned, 
not any one specifically. 
The nitrate nitrogen content of the plants in this test 
was below the lowest potentially toxic level of O.O7 percent 
at all times except following the Initial increase at the 
2-hour sampling time, in contrast with a much higher nitrate 
nitrogen content of field-grown sudangrass. 
Rate of nitrate decline 
When sudangrass regrowth was approximately 30 inches 
tall, one-half of the pots were treated with chelated iron 
to eliminate any iron chlorosis. One week after the iron 
treatment all symptoms of iron deficiency had disappeared 
from the treated sudangrass. Untreated sudangrass was 
slightly to moderately chlorotic. All were watered with a 
solution containing nitrate when harvest was started. Then 
they were removed from any external source of nitrate nitro­
gen with the expectation that they would utilize all avail­
able soil nitrogen rather quickly because top growth was 
Ik l  
quite large and the soil reservoir was rather small. If 
chlorosis interfered with the plant's metabolism of nitrate 
nitrogen, it should be reflected in the rate of nitrate 
nitrogen decline within the plants when chlorotic plants 
were compared with normal ones. 
Nitrate nitrogen content of the sudangrasses in test E 
is given in table 37 as averages of triplicate samples; the 
analysis of variance is in table 38. There was no indica­
tion that added iron affected plant nitrate nitrogen content 
although iron did relieve symptoms of chlorosis which were 
developing before it was applied. Fertilizer nitrogen waa 
withheld after harvest started. The F-test in the analysis 
of variance indicated that iron had no significant effect 
on the nitrate nitrogen content of the sudangrass. As the 
iron effect was not significant, values for both iron and 
no iron treatments were combined and the results plotted in 
figure 16. Nitrate nitrogen content of the sudangrass was 
greater than the acceptable level of O.O7 percent until at 
least 72 hours after fertilizer was withheld, although at 
no time did it reach the 0.35 percent level. Prior to time 
zero, nitrogen was available to plants so that it was not 
a limiting factor. 
There was considerable variation in nitrate nitrogen 
content of the plants during the first day (2I4 hours) after 
treatment was started; but after that, the nitrate nitrogen 
content declined with time until it reached low levels 
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Table 37. Percent nitrate nitrogen in dry plant material, 
rate of nitrate decline, greenhouse test E 
Treatment 
Sampling time. hours 
0 1 2 4 8 2k 48 72 168 
Iron added .103 .270 









avg .187 .276 .218 .210 .260 .208 .172 .084 .041 
LSD, 5/Ù, sampling times = 0.085 
Table 38. Analysis of variance for 
greenhouse test ii 
rate of nitrate decline, 



















"'"Significant at the 1 percent level. 
hours after treatment 
Figure 16. Decline of nitrate nitrogen in sudangrass after removal from 
fertilizer nitrogen, greenhouse test E 
163 hours (1 week) after fertilizer was withheld. The 
increase in nitrate nitrogen which occurred the first hour 
of tlie test (between 9 and 10 AM) is unexplained. Sunlight 
Was ample and other conditions were relatively constant in 
the greenhouse. The decline observed between hours 1 and ij. 
(10 AM to 1 PM) probably was mostly diurnal variation. An 
increase in nitrate nitrogen content of the sudangrass 
occurred between hours i| and 8 (1 PM to 5 PM) which may have 
been the result of scattered cloudiness that developed in 
the afternoon. The nitrate nitrogen content 21+ hours after 
time zero was approximately the same as at time zero, Indi­
cating that adequate nitrates were still available to the 
plants . 
Plants about 30 inches tall growing in 2000 g of soil 
soon develop stress symptoms if nutrients or water becomes 
limiting. That there was no effect due to the iron treat­
ment indicates that the slight to moderate chlorosis of 
these plants was not related to the nitrate nitrogen con­
tent. Both treated and untreated plants declined in nitrate 
nitrogen content until, one week later, very low levels were 
present in all plants. 
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CONCLUSIONS 
Sudangrasses used in these studies accumulated nitrate 
nitrogen and often had high concentrations. Varieties 
(including hybrids) differed significantly in nitrate nitro­
gen content. Wheeler, a standard variety, contained the 
least nitrate nitrogen except early in the season when 
Trudan Jj, a true sudançrrass hybrid, was found to have the 
least. 
The nitrate nitrogen content of all sudangrasses in 
these studies increased as fertilizer nitrogen increased with 
one exception: one extremely high rate of applied nitrogen 
did not increase ttie nitrate nitrogen content over the next 
lower treatment although both produced plants quite high in 
nitrate nitrogen. Applied nitrogen could be a causative 
factor in increasing the nitrate nitrogen content of sudan-
grass to an unsafe level, especially if rates in excess of 
100 pounds per acre are used. The effect of applied nitro­
gen fertilizer was prolonged so that sudangrass which was 
hign in nitrate nitrogen early in the season continued to 
be higher than its unfertilized counterpart although the 
nitrate nitrogen content of both declined as they matured. 
Fertilizer nitrogen applied to fallow ground as 
amiv.chiura nitrate did not move into the second six inches of 
soil to any extent because precipitation was low, but plants 
apparently were able to utilize some of this applied nitrogen 
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even when the surface soil was dry because the nitrate 
nitrogen content of sudangrasses was greater where fertilizer 
had been applied than where it had not been applied even 
though lack of moisture prevented plant growth. 
Sudangrass grown in the greenhouse with adequate mois­
ture but inadequate nitrogen increased greatly in nitrate 
nitrogen content 2 hours after nitrate nitrogen was supplied 
to its roots. The nitrate nitrogen content slowly declined 
after the initial rapid increase, probably as a result of 
increased metabolic activity stimulated by the greater 
supply of nitrogen. Conditions such as this might be approx­
imated in the field if precipitation following a drought 
caused a large amount of nitrate nitrogen to be available to 
plant roots in the surface soil. A sharp increase in nitrate 
nitrogen might occur within a few hours of the precipitation 
if drou;ait had not caused uesiccation of roots in the surface 
soil. A similar condition might occur when growing sudan­
grass is fertilized by sidedressing or by topdressing if the 
surface Is moist. 
Nitrate nitrogen in all sudangrasses grown in these 
studies varied with time of day, being highest early in the 
morning following nitrate accumulation during the night when 
photosynthetIc activity was nil. An increase in photo-
synthetic activity was accompanied by a decline in nitrate 
nitrogen within the plants; however, this diurnal fluctua­
tion was only moderate so that varieties which contained 
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excessive amounts early in the morning might still contain 
excessive amounts in the afternoon. The decline in nitrate 
nitrogen with the onset of photosynthetic activity would 
indicate that beneficial results might be obtained by delay­
ing grazing of sudangrass until at least 10 AM; however, 
this procedure could not be relied on to assure low levels 
of nitrate nitrogen in the plants. 
Yields were not significantly affected by either applied 
nitrogen or chelated iron when sudangrass was grown under 
irrigation or following a year of fallow. Poor stands, which 
were attributed to high soil pH either directly or indirectly, 
were obtained on some irrigated plots. The high soil pH may 
have interfered with the normal conversion of ammonia to 
nitrate, an interference which may prevent the conversion 
of nitrites to nitrates and consequently lead to an accumu­
lation of nitrite, a toxic compound; or it may have been a 
pH effect per se. In any event the higher soil pH in repli­
cations two and three was related to poorer stands. Poor 
stands increased the variability of the irrigated test to 
such an extent that yield differences were not significant, 
li^xcellent stands were obtained on fallow land tests; however, 
inadequate moisture limited plant growth to such an extent 
that applied fertilizers were ineffective in increasing 
yields. Available soil moisture at the beginning of the 
growing season was non-uniform, probably because of uneven 
snow catch during the preceding winter, thus increasing 
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variability of the test. 
Foliar iron chelate sprays produced contradictory re­
sults in field experiments. In the irrigated test where soil 
pH was high, the application of chelated iron increased the 
nitrate nitrogen content of sudangrass while decreasing the 
chlorosis. This is interpreted as indicative that chlorosis 
was not so severe in this test that It interfered with 
nitrate conversion in the plant. Applying chelated iron 
may have increased the roots' ability to obtain nitrate 
nitrogen from the soil so that applications of iron increased 
nitrate nitrogen absorption without significantly affecting 
its conversion. This would result In an increase in nitrate 
nitrogen content due to iron applications. In the fallow 
test, where surface soil pH was slightly acid, added iron 
caused a decrease in nitrate nitrogen content of Greenleaf 
sudangrass. With Wheeler sudangrass the effect of applied 
iron, depended upon the applied nitrogen. When iron and 
nitrogen were both applied. Wheeler contained less nitrate 
nitrogen than when only nitrogen had been applied; however, 
when no nitrogen was added, applying iron increased the 
nitrate nitrogen content of Wheeler. 
Applying iron chelate to sudangrass In the greenhouse, 
both as a foliar spray and in irrigation water, eliminated 
the slight chlorosis but was ineffective in changing the 
nitrate nitrogen content of the treated sudangrass. 
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The hybrids grown In this study were as high as or 
higher than Wheeler in nitrate nitrogen content at all times 
when the plants were big enough to graze, indicating that 
hybrids create as much a potential threat as standard 
varieties. 
Wheeler, the sudangrass that was most susceptible to 
iron chlorosis, contained less iron than any of the other 
sudangrasses grown. This lower iron content may have been 
related to chlorosis susceptibility but correcting the 
chlorosis with foliar iron sprays did not increase the iron 
content of plants significantly. Maturity seemed to be 
correlated with nutrient content. Wheeler, an early-
maturing variety was lower in potassium, phosphorus, and 
iron content than the other sudangrasses. 
Varieties and hybrids grown in these tests usually 
differed significantly in potassium, phosphorus, manganese, 
and iron content but not in calcium. Applied iron and 
nitrogen did not significantly affect the amounts of calcium, 
phosphorus, manganese, iron, or potassium in the sudangrass, 
with one exception: the next to highest nitrogen rate 
applied in test B caused a significant increase in potassium 
content. In general, applied nitrogen and iron were ineffec­
tive in changing the plant's composition of these other 
nutrients. 
Results of these studies have applications for the 
farmer or rancher who produces sudangrass as a forage or as 
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hay for livestock. Nitrogen fertilizers may be necessary 
for optimum crop production under some non-irrigated farming 
conditions in the semi-arid regions, but their indiscriminate 
use could result in an increase in the nitrate nitrogen con­
tent of sudangrasses so that toxic levels might be produced. 
Hybrid sudangrasses have a nitrate nitrogen content as great 
as or greater than certain standard varieties, indicating 
that particular attention should be given to their production 
so as to keep the nitrate nitrogen level as low as possible. 
Using an iron chelate was effective in reducing plant chlo­
rosis but was not effective in reducing the nitrate nitrogen 
content of the plant in a consistent manner. Where iron 
chlorosis is a problem it is unlikely that correcting the 
chlorosis by means of foliar sprays will result in a marked 
decline in plant nitrate nitrogen. If nitrogen fertilizer is 
applied to a growing crop of sudangrass, it appears advisable 
to refrain from grazing the crop for two or three days after 
fertilization because the large Increase in nitrate nitrogen 
content found In plants 2 hours after fertilizing may 
disappear in two or three days. 
Sudangrass contains more nitrate nitrogen in the morning 
than later in the day; therefore, if grazing is delayed until 
at least 10 AH, some benefit may be obtained. Late morning 
grazing does not assure nitrate nitrogen levels that are non­
toxic; however, these levels should be less than those In the 
early morning. 
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These conclusions are not to imply that fertilizer 
nitrogen should not be used because its use may be essential; 
rather these conclusions indicate that the producer should 
realize that a potential danger exists and he should use 
caution in deciding how much fertilizer is needed. 
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